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A Layer Study of the Preferred Orientations

in Titanium

Carl J. McHargue and J. P. Hammond
Department of Mining and Metallurgical Engineering

University of Kentucky

Lexington, Kentucky

Introduction

It has been observed that preferred orientations in rolled metallic

sheets are not always similar throughout the sheet thickness. Gens-

amer and Mehl ( 1 ) found different textures at the center and surface

of low carbon steel reduced 85% in thickness by cold-rolling. After

a reduction of 99%, however, the layer effect was not observed, and

it was reported that the texture was the same throughout.

It has also been reported that the textures in rolled sheets and

foils less than lmm in thickness are similar throughout the thickness,

whereas textures are likely to differ at the surface and center of

thicker specimens (2). This layer effect has been recorded for alumi-

num (3), magnesium (4), and zinc (5). On the other hand, numerous

studies on copper (6) and brass (7) have shown that there is no layer

texture in these materials.

Jillson and Anderson (8) recently reported a surface texture in

titanium. These investigators observed this effect in only one speci-

men, whereas two other specimens from the same ingot showed simi-

lar textures. The only difference in the treatments of the two groups

was the speed of reduction.

Experimental Procedure

The material studied was a commercial pure grade of titanium designated

as Ti-75A by the producers, Allegheny-Ludlum Steel Corporation. Blocks

were cut from an annealed forging and cold reduced by rolling. The original

thickness of the blocks was chosen so as to give reductions in thickness of

60, 70, or 80% for a final sheet thickness of 0.030 in.

Rolling was carried out by reducing the sheet by approximately 10%
per pass, and the rolling direction was changed 180° after each pass. Ample
time was allowed between passes in order to eliminate thermal effects.

Transactions of the Kentucky Academy of Science, 14 (1) : 1-5. February, 1953.
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In addition to the sheets formed by cold-rolling, two sheets were prepared

by rolling at 1050° and 1450° F. respectively.

X-ray specimens were prepared from the surface layer, and from layers

0.005 and 0.010 in. from the surface. The surface material was removed by
etching to form the latter specimens.

The X-ray data were obtained using the Laue type pinhole camera with

collimator slits of 0.030 in. Reflection exposures were made with copper

K.-alpha radiation, and the confirmatory transmission exposures were ob-

tained with molybdenum 'K-alpha radiation using a zirconium filter between

the specimen and film.

The X-ray data were plotted stereographically in the usual manner and

are presented as pole figures. Pole figures represent a frequency plot of

the orientations in space of a given crystallographic plane.

Discussion of Results

A typical series of pole figures for cold-rolled sheets is presented

as Figure 1, and those for hot-rolled sheets as Figure 2. In order

to conserve space, only one quadrant is drawn. The spacing of the

slanting lines represents the density of the plane in each region. While

the figures are shown for only the cold reduction of 80%, the equiva-

lent results were obtained for reductions of 60 and 70%.

The pole figures of Figure 1 are the same as published ones for

high purity titanium cold-rolled 97% (9). These figures are to be in-

terpreted as showing that the basal planes are concentrated in areas

which are tilted by 27° to the rolling plane and that the [1010]

directions are aligned parallel to the rolling direction. As can be

seen from a comparison of Figures la, lb, and lc, the textures at all

levels are the same except for minor differences in the degree of

scatter.

Figure 2 is also similar to the published pole figures for hot rolled

high purity titanium reduced 95% (9). These pole figures show that

the basal planes in hot rolled sheets are parallel to the rolling plane

and that, for this temperature of deformation, no direction is pref-

erentially aligned with the rolling direction. Again, there are no

significant differences in the textures at the surface and center.

Although the origin of the surface layer is uncertain, several

possible explanations have been proposed. One possibility is that

the flow of metal at the surface may be different from the flow of

metal in the interior. A second idea is that the texture of the outside

sheet may be produced by the partial recrystallization of surface

layers.

Another explanation has been proposed by recent investigators (7)
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o. Surface
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Fig. 1. Cold-rolled sheet texture at various distances from the surface of
titanium sheet reduced in thickness 80%.

studying aluminum, copper, and brass. They found that the surface

and center textures were essentially the same when strips of these

materials were passed through the rolls in the same direction in suc-

cessive passes. However, changing the direction of rolling 180° after

each pass produced entirely different textures at the surface and
center of the aluminum specimen. Although reversal of the rolling
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erentially aligned with the rolling direction. Again, there are no
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studying aluminum, copper, and brass. They found that the surface

and center textures were essentially the same when strips of these

materials were passed through the rolls in the same direction in suc-

cessive passes. However, changing the direction of rolling 180° after

each pass produced entirely different textures at the surface and

center of the aluminum specimen. Although reversal of the rolling
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RD
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o. Surface

RD

b. 0.00 5
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Fig. 2. Hot-rolled sheet texture at various distances from the surface of

titanium sheet reduced in thickness 80% at 1450° F.

direction produced no changes in the textures of copper or brass,

these investigators attributed the change in texture in aluminum to

the changing of the rolling direction between passes.

In the course of this investigation, it was noted that considerable

heating of the specimens occurred for even relatively small reduc-

tions. For that reason, reductions of only 10% per pass were used,
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and the sheets were allowed to cool between passes. It is also known
that the recrystallization temperature decreases with the amount of

cold deformation. Therefore, it is suggested that the reported layer

effect in titanium (8) was caused by partial recrystallization of those

specimens which were rolled relatively rapidly. It should be apparent

that reversal of the direction of rolling is not the cause, since this

practice was employed in the present investigation.

Summary and Conclusions

1. As the result of a study of the textures present at different

layers in sheets deformed 60, 70, and 80% by hot and cold rolling, it

is concluded that there is no layer effect of the textures of titanium.

2. It is suggested, on the basis of a comparison of experimental

procedures, that the reported layer texture in titanium (8) is a result

of partial recrystallization of the surface layers of those specimens.

3. Reverse rolling does not produce different textures at the sur-

face and center of titanium.

Acknowledgment

This paper represents part of a program of study of preferred

orientations in titanium sponsored by the Flight Research Labora-

tory, Wright-Patterson Air Force Base, Contract No. AF 33- (038)-

19574.

Literature Cited

1. M. Gensamer and R. F. Mehl, Trans. A.I.M.E., 120 (1936) 277.

2. W. G. Burgers and E. L. Snook, F. Metallkunde, 27 (1935) 158.

3. G. Vargha and G. Wassermann, Metallwirtschaft, 12 (1933) 511.

4. R. Dietrich, Journal of Metals (Sept. 1949) 621, Trans. A.I.M.E., 185

(1949) 621.

5. M. Fuller and G. Edmunds, Trans. A.I.M.E., 99 (1932) 175.

6. G. Wassermann, Texturen Metallischer Werkstoffe, Springer, Berlin

(1939).

7. H. Hu, P. Sperry, and P. Beck, Jnl. of Metals (Jan. 1952) 76.

8. D. Jillson and E. Anderson, Progress Reports of Philadelphia Ordnance

Distinct, New Jersey Zinc Co. (1952).

9. C. McHargue and J. Hammond, Jnl. of Metals (Sept. 1952) 145; Trans.

A.I.M.E. (1952) 145.

Received 25 August 1952.



Notes on the Calanoid and Cyclopoid Copepoda

of the Louisville Region

Gerald A. Cole

Department of Biology, University of Louisville

Louisville 8, Ky.

JUistributional data concerning North American Copepoda are

incomplete and spotty, with records from Kentucky being especially

scarce. The following notes on the calanoid and cyclopoid copepods

of the Louisville region comprise, therefore, a small contribution to

our knowledge of this crustacean group. The following workers have

collected and identified copepods in areas relatively close to Louis-

ville: Chambers (1874, 1881), Hunt (1882), Turner (1892) and

Ward (1940).

The present report is based on the examination of more than 100

copepod-containing samples collected at irregular intervals from the

fall of 1949 to the fall of 1952. Most of the collecting sites were in

Jefferson County, Kentucky, where 56 different stations were sampled.

Three stations were in Oldham County, one in Daviess County, and
one was in Bullitt County. The stations were of several types, in-

cluding flooded fields and wheel ruts, drainage ditches, streams, farm
ponds, water-filled limestone quarries, artificial lakes and vernal

pools. Except for creeks and rivers, Jefferson County is almost devoid

of natural waters of a permanent nature.

In small, shallow bodies of water a dip net was employed in sam-
pling. A large plankton tow-net was used in deeper waters. Both
nets were made of No. 20 silk bolting cloth. Sampling procedure
was not uniform since some of the data are based on samples thought-
fully brought in by students in the University of Louisville Biology
Department. Since collections were not made at regular intervals

throughout the year and midsummer collections were especially
scarce, the conclusions concerning seasonal distribution are made with
reservations. It is to be further noted that this paper deals with the
calanoids and cyclopoids only. Several collections included har-
pacticoid copepods, but they were not identified specifically. Mem-

Transactions of the Kentucky Academy of Science, 14 (1): 6-9. February, 1953.
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bers of the genus Canthocamptus were especially common in winter

and spring samples.

ANNOTATED LIST OF COPEPODA
Order Calanoida

1. Diaptomus pallidus Herrick, 1897.

Apparently this is the common calanoid of the area. It was found at

21 stations, and can be expected to occur in almost any water-filled quarry,

permanent pond or lake. This is the commonest representative of the genus

in the Cincinnati area also (Turner, 1892; Ward, 1940).

2. Diaptomus sanguineus Forbes, 1876.

This copepod was found at five stations during the spring. It occurred

in temporary pools and small permanent ponds.

3. Diaptomus stagnalis Forbes, 1882.

This typically vernal species was collected during April in a pond near

Prospect, Ky., in Oldham County. Gabriel Comita of the University of

Washington verified the identification. D. sanguineus occurred in the same

collection.

4. Osphranticum labronectum Forbes, 1882.

A very few individuals were taken at three stations during winter and

spring. Two stations were obviously temporary pools, the other a permanent

lake where Diaptomus pallidus was abundant. Ward (1940) considered it

a spring form in the Cincinnati region, but Hoff (1944) found it throughout

the summer months in Reelfoot Lake.

Order Cyclopoida

1. Cyclops bicuspidatus thomasi Forbes, 1882.

During late winter and early spring, collections from 7 stations contained

this species. Tremendous populations completely disappeared by late spring

in some of the stations. This may have been due to the death of the old

animals and the encystment in the mud of the new generation, a phenomenon
first reported for this copepod by Birge and Juday (1908). Except for an

occurrence in a deep water-filled limestone quarry, this crustacean was found

only in small ponds in the Louisville area. Records from other parts of North

America reveal it may exist in a wider range of environments.

2. Cyclops vernalis Fischer, 1853.

Cyclops vernalis and Eucyclops agilis are the two most common copepods

in Jefferson County, being found throughout the seasons in all types of aquat-

ic habitats. They were found in 32 and 31 stations respectively, of which

11 were shared in common. Of 17 stations where only one copepod species

was found, Cyclops vernalis occurred in 8, and Eucyclops agilis in six. Each

species has a short life cycle (Ewers, 1930), which may account for success-

ful establishment in wheel ruts, drainage ditches and other habitats of a

temporary nature where other copepods are absent.
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3. Eucyclops agilis (Koch, 1838).

Although Eucyclops agilis occurs in varied habitats in Jefferson County

its preference for littoral areas was clearly shown in the larger bodies of

water. For example, repeated plankton tows made in Tom Wallace Lake

revealed a planktonic community including Diaptomus pallidus, Eucyclops

prasinus, and rarely Macrocyclops albidus. Eucyclops agilis was taken only

by collecting along the lake margins in shallow water.

4. Eucyclops prasinus (Fischer, 1860).

This small species occurred at six stations, where it was a member of the

plankton. It was found throughout the year, although population numbers
fluctuated greatly.

5. Macrocyclops albidus (Jurine, 1820).

Fourteen ponds and lakes in Jefferson County contained M. albidus.

Next to Cyclops vernalis and Eucyclops agilis it is the commonest cyclopoid

in the region, being found during all seasons of the year.

6. Macrocyclops fuscus (Jurine, 1820).

One representative of this species was collected from a shallow pond in

Louisville during April.

7. Mesocyclops edax (Forbes, 1891).

Collections from three ponds, a limestone quarry hole, and a stream
contained this species.

8. Microcyclops varicans rubellus (Lilljeborg, 1901).

Six small ponds in Jefferson County were found to contain this crus-

tacean. It was collected in winter, spring and summer.

9. Orthocyclops modestus (Herrick, 1883).

An ovigerous female was found in a January collection from a small,
weedy pond in Louisville.

10. Paracyclops fimbriatus (Fischer, 1853).

This species was represented by one ovigerous female collected during
January from a shallow drainage ditch in Louisville.

Discussion

Future collecting should add to the foregoing list of copepods
from the Louisville area. Three species should be looked for especial-
ly^ These are Ectocyclops phaleratus, Cyclops ater and Diaptomus
siciloides. All three were collected by Ward (1940) from Cincinnati
pools. Marsh (1918) described D. siciloides as the species of Diapto-
mus most likely to be found in the Ohio Valley. Marsh's statement
is questionable in the light of this report and the findings of Turner
{1892) and Ward (1940). Diaptomus pallidus is much commoner.
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Summary
1. Calanoid and cyclopoid copepods from 61 Kentucky stations were

collected and identified. Most stations were in Jefferson County.

2. Four calanoid copepods and 10 cyclopoid copepods were identified.

3. Diaptomus pallidus, Cyclops vemalis, Eucyclops agilis and

Macrocyclops albidus were the most common representatives of

these two orders.
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Separation of Major Component Fatty Acids of

Lespedeza Seed Oil by Low Temperature

Crystallization*

Eichard H. Wiley and Joseph P. Burns

Department of Chemistry, University of Louisville

Louisville 8, Kentucky

l_jow temperature crystallization of the mixed fatty acids obtained

from a glyceride is widely used in separation and analysis of the com-

ponent acids (1, 2). Various procedures have been used both in com-

bination with other methods such as fractionation of mixed methyl

esters (3,4,5) or lead salt precipitation (6) and alone. Crystalliza-

tion of the mixed acids has been preferred to fractionation of the

methyl esters in separating the acids from sunflower seed, sesame, and

peanut oils (6) and linseed and rubber seed oils (7).

This paper describes an adaptation of the technique used in direct

low temperature crystallization of mixed acids to the separation

of the major component fatty acids of lespedeza seed oil. The research

was undertaken to provide additional data on the composition of this

oil needed for comparison with composition data obtained spectro-

photometrically (8) and for preliminary evaluation of the utility of

lespedeza seed oil as compared to the oils of other legume seeds.

The fractionation scheme, selected after preliminary investiga-

tions indicated its acceptability, is outlined in Figure 1. The mixed
acids, obtained by saponification of the oil and separated from a non-

saponifiable fraction, were crystallized successively from acetone at

—20° C; from acetone at —60° C. ; and from acetone at —70° C.

The precipitated fractions were further separated by recrystalliza-

tion from acetone at —35° C. and petroleum ether at —48° C.

For the purposes of this discussion these fractions are assumed
to consist of mixtures of saturated acids, oleic acid, linoleic acid, and
linolenic acid. This assumption seems reasonable on the basis of other

data showing such acids to be the principal component acids of seed

oils of the legumes. The isolation of tetra- and hexabromide, m.p.
115° C. and 186° C, agreeing with reported values, from Fractions

* Contribution from the Department of Chemistry, College of Arts and Sciences, Uni-
versity ot Louisville, from a thesis by J. P. Burns presented to the Graduate Faculty of
tne University ot Louisville in partial fulfillment of the requirements for the M.S. degree.

Transactions of the Kentucky Academy of Science, 14 (1) : 10-16. February, 1953.
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Mixed fatty acids

-2(TC. 10% in acetone

Crystals

-2 C
C. 10% in

acetone

Filtrate with filtrates

A and B; Washings

-60 C
C. 10%, in

acetone

Crystals

-20°C.

Crystals

Fraction A

Filtrate A

10% in

acetone

Crystals

-60°C

Filtrates; filtrate

C and U; Washings

10% in

acetone
-70°C. 10% in

acetone

Filtrate B Crystals

-fiO°C.

Filtrate C -48°C.
6.5% in

pet. ether

Filtrate

Fraction F

10% in

acetone

Crystals Filtrate D Crystals

Fraction D
Filtrate

Fraction E

-35°C. 10% in

acetone

Crystals Filtrate

Fraction B Fraction C

Fig. 1. Separation of lespedeza seed oil fatty acids by low temperature
crystallization.

D, E, and F support the assumption that linoleie and linolenic acids

are present. The presence of other acids is not disproved in any sense

and the acid values given in Table I obtained for some of the Frac-

tions indicate the presence of other than Ci S acids.

This fractionation procedure was designed to concentrate the

saturated acids in Fraction A; the oleic acid in B and C; the linoleie

acid in D and E ; and the linolenic acid in E and F. The data de-

scribing these fractions are given in Table I. The iodine numbers
have been used to calculate the composition of each fraction as given

in Table II. Assuming only oleic acid to be present, Fraction A con-

sists of 98.7% saturated acids assuming the remainder to be oleic

acid. Assuming Fraction B to be a mixture of saturated and oleic
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TABLE I

Properties of Fractions

Iodine No. N 20

Fraction Temp. Wt. (g.) Acid Value (Wijs)
D

Orig. Oil 21.6 156.0 1.4772

Mixed Fatty Acids 50.0 202.2 167.0 1.4690

A Crystals -20°C. 5.9 202.2 1.2

B Crystals -35°C. 5.9 196.5 76.1

C Filtrate -35°C. 3.2 188.8 147.4 1.4671

D Crystals -48°C. 13.9 210.8 148.5 1.4740

E Filtrate -48°C. 9.5 191.2 192.8 1.4733

F Filtrate -70°C. 10.0 178.8 208.4 1.4780

acids it consists of 15.2% saturated and 84.8% oleic acids. It was

thought that this fraction would be principally oleic. Fraction C,

assumed to be principally linoleic acids, consists of 36.8% oleic and

63.2% linoleic acids. On the basis of similar assumptions, Fractions

E and F were calculated to contain the amounts of linoleic and lino-

lenic acids given in Table II.

The composition of Fraction D is more difficult to determine. It

probably contains oleic and linoleic acids and the presence of lino-

lenic acid was indicated by isolation of a hexabromide, m.p. 186° C,
from the mixture. It is probable that no significantly greater per-

centage of linolenic acid is present in this fraction than is present

TABLE II

Calculated Composition of Fragments

Wt. Iodine

Acid Components

Fraction

(g.) No. Sat'd Oleic Linoleic Linolenic

5.9 1.2

Per Cent g. Per Cent g. Per Cent g. Per Cent g.

A 98.7 5.86 1.3 0.05

B 5.9 76.1 15.2 0.90 84.8 5.00

C 3.2 147.0 36.8 1.10 63.2 2.10

D 13.9 148.5 50.0 6.95 36.0 5.00 14.0 1.95

E 9.5 192.8 87.4 8.30 12.6 1.20

F 10.0 208.8 70.8 7.10 29.2 2.90

Tot. 141.8
(calcd.)

167
(obsvd.)

13.96 6.76 27.05 13.10 46.5 22.5 12.5 6.05
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in Fraction E and assuming that 14% is the amount present, the

remainder of the mixture on the basis of the iodine value consists of

50% of oleic and 36.0% of linoleic acids to give a calculated iodine

number of 148.5 ; observed 148.5 for the Fraction.

Combination of the data for the several Fractions gives a com-

position of 14% saturated acids, 27% oleic acid, 46.5% linoleic acid

and 12.5% linolenic acid. This mixture gives a caculated iodine num-

ber of 141.8 which is to be compared to the value of 167.0 for the

mixed acids. The difference in these values may be accounted for in

part if the 3% material loss was of linolenic acid as the most soluble

fraction. This indicates also that the per cent linolenic acid as given

in the summation is low.

The data obtained in this study on the component acids of les-

pedeza seed oil are compared in Table III with spectrophotometric

data for the component acids of the oils from several types of les-

pedeza and the oils of several other legumes. The low temperature

crystallization data for Korean lespedeza seed oil acid components

show a significantly higher value for the percentage of linolenic acid

and lower value for the percentage of linoleic acid. Variations in

results such as these are not unusual in the early stages of component

fatty acid studies. Additional data which will determine the linolenic-

linoleic acid content more accurately than this are highly desirable.

Whichever values are more nearly correct, it is clear that lespedeza

seed oil differs exceptionally from most legume seed oils, as does

alfalfa seed oil (9, 10) in having considerable quantities of linolenic

TABLE III

Component Acids op Linseed Oil and Several Legume Seed Oils

Seed Sat'd (%) Oleic (%) Linoleic (%) Linolenic (%)
Lespedeza" 20.2 21.5 30.3 28.1

(Korean)
Lespedeza" 16.6 19.4 41.8 22.2

(Serecea)

Lespedej,ab 13.9 27.1 46.5 12.5
(Korean)

Soy' 12-13 22-34 52-66 2-6

Peanut, Va. d 17.1 61.1 21.8
Alfalfa"'' 10.3 7 71 ii"

14.2 11 43 32
Linseed* 6-12 21.7-36.0 3.5-23.1 25.7-58.3

"Spectrophotometric data. R. H. Wiley, A. W. Cagle, and P. Wilken, J. Am. Oil Chemists Soc. 28, 459 (1951).
b Low temperature crystallization.

T. P. Hilditch, Chemical Constitution of Natural Fats, 2nd ed., John Wilev and Sons, New York, 1949, p. 220;
F. G. Dollear, P. Krauczunas, and K. S. Marklev, Oil and Soap 15, 263 (1938); 17, 120 (1940).

d G. S. Jamieson, W. F. Baushman, and D. H. Brauns, J. Am. Chem. Soc 48, 1372 (1921).
• H. A. Schuette, H. A. Vogel, and C. H. Wartinbee, Oil and Soap 15, 35 (193S); 16, 16 (1939).
' T. P. Hilditch and Y. A. H. Zaky. /. Soc. Chem. Ind. 63, 112 (1944).
e G. S. Jamieson, Vegetable Fats and Oils, Reinhold Company, New York, 1943, p. 270.
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acid as a component acid. The oil appears to contain an amount of

linolenic acid intermediate between linseed oil and soy bean oil. Since

these oils are, respectively, slightly fast and slow in drying for some

applications, lespedeza seed oil with its intermediate linolenic acid

content is probably a more useful drying oil than either of these oils.

Experimental

Extraction of the Oil. The seeds used were the Korean variety of les-

pedeza and were supplied gratis by the Louisville Seed Company and the

Ross Seed Company, of Louisville, Kentucky. The seeds with the hulls were

ground in a pebble mill with pebbles in an atmosphere of carbon dioxide.

The meal was stored in sealed containers under carbon dioxide. The oil was
extracted in a Soxhlet extractor with petroleum ether, boiling range 30-80°

C, for 5 to 10 hours. The extract was filtered and the solvent removed by
vacuum distillation at 50° C. and 15 mm. The crude oil was stored in sealed

containers under carbon dioxide.

Characteristics of the crude oil. On standing a white solid separated

from the oil (9). This was removed by centrifugation. Thus clarified, the oil

had the following properties: specific gravity (25° C), 0.925; refractive

index (20° C), 1.4787; iodine number, 156; acid value, 21.6; saponification

number, 186.

Saponification of the oil. One hundred grams of the crude oil was re-

fluxed with a solution of 35 g. of potassium hydroxide in 500 g. of 95%
ethanol. After 3 hours refluxing, 320 g. of alcohol was removed by distilla-

tion and replaced with 320 g. of water.

Isolation of the mixed fatty acids. The aqueous alcoholic solution ob-
tained from the saponification was repeatedly extracted with 150 ml. por-
tions of ether to remove the unsaponifiables and then acidified with dilute

hydrochloric acid. The acidified mixture was extracted five time with 150
ml. portions of ether to remove the mixed acids. This ether solution was
washed once with 100 ml. of water and evaporated to remove the ether on
a steam bath under a stream of carbon dioxide. The residual acids were freed
of water by adding small portions of acetone and evaporating. Final drying
of the residual acid mixture was completed in 45 minutes in an oven at
100° C. under carbon dioxide. From 100 g. of oil there Avas obtained 91.07 g.
of the mixed acids. This acid mixture was a semisolid mass at room tempera-
ture; iodine number 167.

Separation of the mixed acids. Recrystallization of a small sample of
the mixed acids from 10% solution in acetone was repeated twice at —20° C.
to give a solid fraction having an iodine value 4.0 and an acid value of 193.
A third recrystallization gave a solid acid of acid value 198.0 and neutraliza-
tion equivalent 283.3 which correspond closely to the values for stearic acid.

With this indication that low temperature acetone recrystallization could
be used successfully in separating the saturated acids, the separation scheme
depicted in Figure 1 which is similar to that used by Brown and Shino-
wara (11) and Frankel and Brown (12) was followed through using 50 g.
of the mixed acids. The solutions were held at the indicated temperatures
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with intermittent agitation for 5 hours and then filtered using a jacketed

Buchner funnel which was maintained at the temperature of the solution by

pumping a cooled liquid through the jacket. The crystals were triturated

several times with small portions of fresh solvent cooled to the temperature

being used. The collected solid was dried in vacuum to remove the acetone

and used to obtain the analytical data given in Table I.

Iodine number (Wijs), acid value, refractive index, specific gravity and

saponification numbers were obtained by A.O.C.S. official methods.

Bromo derivatives of the acids. Three grams each of Fractions D, E,

and F were separately dissolved in 27 g. of dry ether and cooled to —15° C.

Bromine was added with stirring until a persistent red color was obtained.

The solutions were held at —10 to —15° C. for 20 minutes and then stored

for two hours at 0° C. The white solid precipitate was collected and re-

erystallized twice from benzene to give solids, m.p. (hot stage) 186° C.

(0.22 g.) ;
186.5° C. (0.36 g.) and 183° C. (0.52 g.) respectively from Frac-

tions D, E, and F. The m.p. for hexabromostearic acid has been reported as

183.7-184.5° C, dependent on rate of heating (13). This is evidence confirm-

ing the presence of linolenic in these fractions. The low yields of these specif-

ic bromo compounds may be due to alkali catalyzed isomerization of part of

the linolenic acid to other isomers during saponification (14).

The filterate after separation of the hexabromide from the Fraction D
sample was treated as follows to obtain bromo acid, m.p. 115° C; reported

for tetrabromostearic, 115-115.5° C. (14). The filtrate was evaporated to re-

move solvent, taken up in petroleum ether and cooled to precipitate a solid,

m.p. 172-176° C. (0.9 g.) which was probably impure hexabromo acid. The

filtrate on prolonged cooling, m.p. 115° C. (0.03 g.). The combined filtrates

(0.15 g.) which was separated. A second crop of crystals formed in the

filtrate on prolonged cooling, m.p. 115° C. (0.03 g.). The combined filtrates

gave an additional sample, m.p. 95-105° C. (0.32 g.).

Composition of the Fractions. The composition of each Fraction A-F
was determined from the iodine number. The following is a typical calcu-

lation using data for Fraction B. Assuming Fraction B, iodine number
76.1, to consist of oleic acid, iodine number 89.8, and saturated acids, the

per cent oleic acid is given as equal to 76.1/89.8 x 100 or 84.8% leaving

15.2% saturated acids. For 5.9 g. of Fraction B there are 0.9 g. of saturated

acids and the total weight of saturated acids in 6.72 g. from Fractions A.

and B. The per cent of saturated acids in the 48.4 g. total of acid recovered

is 13.9%. This type of calculation is obviously subject to modification if

the assumption that C 1S acids predominate is invalid.

Summary

The mixture of fatty acids obtained on saponification of lespedeza

seed oil has been separated into fractions by low temperature crystal-

lization. The iodine numbers for the fractions indicate a composition

of 14% saturated acids, 27% oleic acid, 46.5%o linoleic acid, and

12.5% linolenic acids assuming only eighteen carbon acids to be

present. Hexa- and tetrabromostearic acids have been obtained as
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confirmation of the presence of linoleic and linolenic acids. Acid

values for the fractions indicate the presence of acids of chain length

over eighteen carbons.
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The Respiration of Rat Sinali Intestine as

Affected by Various Substances

Raymond L. Rose and James W. Archdeacon

Department of Anatomy and Physiology
University of Kentucky

Lexington, Kentucky

A. pparently many more in vitro respiratory studies have been made

on tissues other than the intestine. Warburg (1) obtained a Q02
of 12.4 with the mucosal lining scraped from the small intestine of

the rat. Glucose was added. Rosenthal and Lasnitzki (2) reported

a Q02 of 14.6 with whole rat colonic slices also in a glucose medium.

Leloir and Munoz (3) reported a Q02 of 5.1 for rat intestinal slices

in an oxygen medium without glucose. Blokhin (4) observed that

rat intestine, among other tissues, utilized glucose. No extensive

work seems to have been reported on the effects of other substances

used in this study on intestinal respiration, such as the effects of

several amino acids and bile.

Experimental

The equipment used in these experiments was essentially the constant

volume respirometer. The method was that ordinarily used in the direct

determination of oxygen. The gas phases were air and 99% oxygen (1%
air). In the latter case the flasks were gassed for 3 minutes. The tempera-

ture of the water bath was 37 degrees C in all experiments.

The small intestine was obtained from non-fasting male albino rats

(Sherman strain). Body weights ranged from 105 to 245 grams, with the

majority weighing between 125 and 150 grams. Each animal was killed by

a blow on the head. The intestine was then excised and washed in cold

(about 4 degrees C) Krebs-Ringer-Phosphate solution which was buffered

at pH 7.40. The intestine was cut into small sections of about 1 cm. in

length, beginning with the duodenum. By inserting one blade of a small

pair of scissors into the lumen and cutting, the intestinal section could be

opened into a flat piece. Approximately 4 inches of the small intestine of

each animal were used. Three to six animals were used in each experiment.

Each intestinal piece, upon shaking in the water bath, broke into a number
of small loosely connected pieces. The wet tissue weights ranged from 51.5

mgs. to 245.5 mgs., with the majority weighing between 100 and 125 mgs.

Each flask contained 2.0 ml. of Krebs-Ringer-Phosphate solution, 0.2 ml.

of the particular substance used, and 0.2 ml. of 10% KOH in the center well.

At first the effect of bile was studied. This was obtained from another

Transactions of the Kentucky Academy of Science, 14 (1): 17-19. February, 1953.
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rat by cannulation of the bile duet immediately before the respiration experi-

ment. Then subsequently the effects of glucose in .01 M and .02 M solu-

tions, .01 M glycine solution, .01 M tyrosine suspension, and .01 M glutamic

acid solution were studied. Finally respiration was measured with glucose

in the 99% oxygen phase. Flasks were equilibrated for 15 minutes. Manom-

eters were oscillated 103 times a minute through a distance of 6.5 cm.

Manometer readings were taken at intervals of 10 minutes for two hours.

Calculation of oxygen consumption was on dry weight basis.

Results

The oxygen consumption at the end of the first thirty minutes

was chosen as a basis of comparison, since the rate of consumption

was fairly constant through this period. In Table I are shown the

microliters of oxygen consumed per 100 mg. of dry weight at the

end of the thirty-minute interval. It is evident the addition of the

0.2 ml. of bile had no appreciable effect upon the respiration of the

intestine. It is interesting in this connection that Satoo (5) in 1944

reported that human bile accelerated the respiration of liver.

With reference to the influence of glucose on respiratory rate of

TABLE I

Oxygen Consumption for First 30 Minutes

Number of

Flask
Determinations

Average
Microliters

of 2 per 100 mg.
dry Tissue

%
Increase

or

Decrease

P
Value

Bile

Control
15
15

145.4
147.7

- 1.58 >0.10

.01 M Glucose
Control

14
14

180.2
89.7

+ 100.9 <0.01

.02 M Glucose
Control

14
15

176.2
89.6

+ 96.6 <0.01

.01 M Glycine
Control

15

15
146.3
132.5

+ 10.4 >0.05

.01 M Tyrosine
Control

15

15

121.1
108.9

+ 11.2 >0.05

.01 M Glutamic
Acid

Control
15

15
161.8
132.4

+ 22.2 <0.02

99% 2 and
.01 M Glucose

99% 2

30
30

589.7
267.8

+ 120.2 <0.01



The Respiration of Eat Small Intestine 19

the intestine, it may be observed that the addition of the .01 M glucose

solution affected an approximately 100% increase. There was no

further increase in consumption of oxygen with the .02 M glucose

solution. Clearly it seems a tissue or tissues of the small intestine

uses glucose to quite a marked extent. Quite possibly this is the

smooth muscle layer of the intestine.

The addition of the amino acids glycine and tyrosine did not re-

sult in an increase in oxygen consumption that is considered statis-

tically significant, However, there was an increase of 22.2% with

glutamic acid which borders on significance.

Finally respiration of the intestine was measured in the 99%

oxygen phase with and without .01 M glucose. It may be observed

that respiration in the 99% oxygen phase alone was speeded up con-

siderably, in contrast with the experiments in which air was used.

It is evident that the intestinal preparation, as used in these experi-

ments, respires much better in the nearly pure oxygen atmosphere.

A plausible explanation seems to be the greater diffusion of the oxy-

gen to deeper layers of the tissue. Also, there was an increase of

respiration when .01 M glucose was added and 99% oxygen used.

In this case the increase was 120.2%.

Summary

The respiration of the rat small intestine has been investigated

by a tissue manometric method. When glucose was placed in the

fluid medium respiration was markedly accelerated. Also the prepara-

tion as used respired considerably better in a nearly pure oxygen

atmosphere. The addition of bile, glycine and tyrosine produced no

marked effect. There was possibly a significant increase with glutamic

acid.
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Effect of Aluminum Ion on the Polarography of

8-Quinolinols

Quintus Fernando and J. P. Phillips

Department of Chemistry, University of Louisville,

Louisville 8, Ky.

O ince aluminum has been found to form insoluble chelate compounds

with most 8-quinolinols except those substituted in the 2-position (1)

(2), the effect of aluminum ion on the polarographic waves of several

methyl substituted 8-quinolinols was examined as a very sensitive

method of detecting any reaction. If the 2-substituted 8-quinolinols

formed soluble complexes with aluminum, a decrease in wave height

with increasing aluminum ion concentration would be expected.

Experimental

All polarograms were run on a Sargent Model XXI Polarograph using

the techniques previously reported (3).

Polarograms of 8-quinolinol, 2-methyl, 3-methyl, 4-methyl and 2, 3-di-

methyl 8-quinolinols were run in alkaline buffers (pH 11.8 ± .3) composed

of sodium potassium tartrate (Rochelle salt) and sodium hydroxide. All

solutions were 0.001 M. in the 8-quinolinols except for 4-methyl-8-quinolinol

(0.0005 M.) and 2, 3-dimethyl-8-quinolinol (0.0003 M.). The Rochelle salt

concentrations were 0.25 M. except where otherwise specified.

Definite amounts of aluminum chloride were then added to 50 ml. of the

solutions and any resulting decrease in height of the polarographic wave
measured.

If the Rochelle salt was omitted, precipitation of the aluminum chelate

compounds of 8-quinolinol, 3-methyl-8-quinolinol and 4-methyl-8-quinolinol

occurred. Even without the Rochelle salt there was no precipitation with

2-methyl-8-quinolinol and 2, 3-dimethyl-8-quinolinol.

Results and Discussion

Adding aluminum ion to alkaline tartrate buffers containing 8-

quinolinol, 3-methyl-8-quinolinol or 4-methyl-8-quinolinol reduced the

wave height but not in direct proportion to the amount of aluminum
ion added (Table I). Variations in Rochelle salt concentration were

found to affect the wave height, no doubt because some of the alumi-

num ion is tied up in a tartrate complex and is not available for com-
plexing with 8-quinolinol. An increase in tartrate concentration

Transactions of the Kentucky Academy of Science, 14 (1): 20-21. February, 1953.
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caused the decrease in wave height on adding aluminum to be smaller

;

for example, a 0.001 M. 8-quinolinol solution containing 55.8 mg.

A1C1 3 .6H2 had a wave height of only 2.50 jxa., when the Rochelle

salt concentration was 0.125 M., but showed a wave height of 4.65 ^a.

when the Rochelle salt concentration was increased to 0.50 M.

Adding aluminum ion to alkaline solutions of 2-methyl-8-quinolinol

and 2, 3-dimethyl-8-quinolinol produced no significant decrease in

wave height (Table I), indicating that neither a soluble nor insoluble

complex with aluminum was formed.

TABLE I

Decrease in Wave Height from Addition of Aluminum Ion

Diffusion

Compound Mg. A1C13 .6H2 current (na.)

8-Quinolinol 0.0 5.05

18.6 5.00

46.5 4.30

3-Methyl-8-quinolinol 0.0 4.90

61.9 3.62

4-Methyl-8-quinolinol 0.0 2.20

277.9 1.52

2-Methyl-8-quinolinol 0.0 3.70

295.8 3.50

2, 3-Dimethyl-8-quinolinol 0.0 1.11

295.8 1.11

Summary

Aluminum ion forms a soluble complexes in the presence of tar-

trate with 8-quinolinol, 3-methyl and 4-methyl 8-quinolinol. If the

tartrate is omitted, insoluble chelate compounds are formed. Alumi-

num does not form soluble or insoluble complexes with 2-methyl or 2,

3-dimethyl 8-quinolinol in alkaline solutions, as indicated by no de-

crease in the polarographic wave height with added aluminum ion.
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Specific Heat Measurements by the Method

of Mixtures

E. B. Penrod and Fred M. Wells*

Department of Mechanical Engineering, University of Kentucky,
Lexington, Kentucky

Introduction**

1 he method of mixtures is applicable to many design problems

in which the engineer has to deal with steady and transient heat flow

where the specific heat of the material is a factor. The purpose of

this paper is to describe how, by this method, the specific heat of

most substances may be determined over a wide temperature range,

using relatively simple equipment.

The differential equation in cartesian coordinates for transient

r)t

heat flow is — = « A2
t (1)

dT

providing the thermal conductivity of the medium is constant. The
thermal diffusivity of the medium is defined by the equation

* = 7.— (2)

where <*=thermal diffusivity

k=thermal conductivity

cp—specific heat

P=density

t=temperature

rr=time

n ... a2
t a2

t 52
tand A2

t = —
s 4. — 4- —

dx~ T
ay2 T dz2

'

From the above differential equation it can be seen that the time
rate of temperature change of a body is directly proportional to the
thermal conductivity and inversely proportional to the product of
the specific heat and the density of the material. The time required
to heat buildings and ovens, for example, is an important factor to
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be considered by the design engineer. From the above equations it

can be seen that the time required for heating or cooling bodies is

a function of the specific heat of the material.

Sometime very high temperature gradients are set up in granaries

where large quantities of wheat are stored. In order to preserve the

wheat it is necessary to design the granaries so that the heat evolved

can be dissipated rapidly. Thus it is important to know the thermal

diffusivity of the wheat. The thermal diffusivity can be calculated

from the predetermined values of the thermal conductivity, the specif-

ic heat, and the density of the wheat. However, Babbitt (2) meas-

ured the thermal diffusivity, the thermal conductivity, the density,

and then calculated the specific heat of wheat.

"Wilkes and Wood (3) determined the specific heats of a large

number of insulation materials by the use of a dry calorimeter con-

structed especially for specific heat measurements. The following

are some of the advantages in using the dry calorimeter in deter-

mining specific heats

:

1. the mean specific heats of ceramic materials, for example, can be

determined at very high temperatures

2. hygroscopic substances cannot absorb moisture while its specfic

heat is being determined in the dry calorimeter

3. the specific heat of light as well as very dense materials can be

determined.

The Method of Mixtures

In determining the mean specific heat of substances by the method

of mixtures the material is usually heated to a predetermined tem-

perature and then dropped into a calorimeter containing water. It

is necessary, in accurate work, to correct for radiation losses. It will

be shown subsequently how the method of mixtures can be used to

determine the mean specific heat of substances for temperatures

above or below the temperature of melting ice, in which the transfer

of heat to or from the calorimeter during the experiment is con-

sidered without the necessity of adding a correction factor. The

method proposed has the distinct advantage in that the apparatus

can be assembled almost entirely from standard laboratory equip-

ment. The procedure for obtaining data is very simple and with

the proper choice of container or capsule for holding the specimen,

there is no limit to the types of solids and liquids that can be tested

since it is not necessary for the specimen to come in contact with

the liquid in the calorimeter. The specific heats of both h^ygroscopic
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and non-hygroscopic substances have been determined by the method

of mixtures described below.

Plate I is a photograph of the calorimeter and the auxiliary equip-

ment. The calorimeter and accessories consist, chiefly of a Dewar

flask, a Beckmann thermometer, and a glass stirrer driven by a small

electric motor. The auxiliary equipment consists of an electric heater,

rheostat, ammeter, precision balance, torsion balance, precision po-

tentiometer, stop watch, desiccator or a drying oven.

The calorimeter shown schematically in Fig. 1 is a four-liter

Dewar flask which contains about 2500 grams of water initially at a

temperature of about 5° C. If the temperature of the water is read

while it is constantly stirred, the temperature of the water will rise as

shown in Fig. 2. With the apparatus used, the temperature of the

water in the flask is a linear function of the time for approximately 90

STIRRER

GLASS

BECKMANN
THERMOMETER

DEWAR
FLASK

Tig. 1. A schematic diagram of the calorimeter and its accessories.
The calorimeter is a 4-liter Dewar flask.
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minutes. It was also found by experiment, that if the initial tem-

perature of the water in the flask was increased by about 1.5°C, the

same linear relationship between the temperature of the water and

the time exists providing the room temperature remains practically

constant. Since a specific heat determination can be completed in

less than 50 minutes it can be assumed that the rise in temperature

of the water in the Dewar flask will be a linear function of the time

during the experiment.

In an actual experiment the initial temperature of the water in

the Dewar flask was as shown in Fig. 3. The temperature of the

water was read each minute for 13 minutes, and one minute later

a specimen which had been heated to a temperature of t^ was dropped

into the water which absorbed heat from the specimen. After the

water and specimen had reached a common temperature, the tem-

perature-time graph for the calorimeter and contents becomes linear

as shown by the graph in Fig. 3. The actual temperatures, tc and tm

5.0

4.0

3.0

9 n
20 40 60 80

TIME-MINUTES

100 120 140

Fig. 2. A temperature-time graph for water that is constantly stirred

in a Dewar flask.
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of the cold water and the mixture at the time of mixing (the four-

teenth minute) can be determined either by extrapolation or by cal-

culation from the slope of the straight line portion of the graph. The

heat given up by the specimen in cooling from th to tm is

H = Ws C s (th - tm),

and the heat absorbed by the calorimeter and contents is

H = (Ww + E) (tm - tc),

3.4

3.2

o
uj3.0

i-
<
u2.8
Q.

bJ
I-

2.6

12 16

TIME-MINUTES

20 24 28

Fig. 3. A temperature-time graph showing the relation between the temperature
of the contents of the calorimeter and the time, during an actual specific heat

determination.

where Ws :=weight of the specimen

Ww =weight of the water in the Dewar flask

E =the water equivalent of the Dewar flask and contents

^temperature of the specimen

^temperature of the water

=temperature of the mixture

=the mean specific heat of the specimen.

Equating the two equations and solving for Cs it is seen that

th

tc

tm

a

c = (Ww + E) (tm - tc)

Ws (th - tm) " '
(3)
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Specific Heat of Light Substances

If the density of the material is less than that of water it will

float so that it is necessary to compress it into a container or capsule.

If the material is hygroscopic it will absorb water after it is dropped

into the flask and hygroscopic heat will be released so that a correct

value of the mean specific heat will not be obtained. Hygroscopic

substances can be hermetically sealed in a capsule and heated in an

electric heater as shown in Fig. 4. If Wc is the weight of the cap-

sule and C c is its specific heat, the specific heat of the specimen can

be calculated from the equation

C8 =-<
(Ww + E) (tm - tc)

(th - tm)

-wc ccU ws . (4)

COPPER>
CORE

SUSPENSION
WIRE

CAPSULE

* r.*s

i
*•„*-.<

r» » * V» » •

-NICHROME
WINDING

INSULATION

REMOVABLE
COVER

Fig. 4. Diagrammatic sketch of an electric heater and the capsule containing the
specimen whose specific heat is desired. TC shows the positions of the three

thermocouples used to determine the temperature of the specimen.
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Specific Heat Deteemination

The weight of water which requires the same amount of heat as

a given body in order to change its temperature by the same amount

is called the water equivalent of the body. The water equivalent

of the Dewar flask, Beckmann thermometer, and stirrer was deter-

mined experimentally by heating a piece of brass whose mean specific

heat was known to be 0.0917 cal/gm/°C from 20° to llCC. 1 The

brass was dropped into the Dewar flask which contained water, and

data were obtained similar to that taken when a specific heat deter-

mination is made. The average value of the water equivalent of

apparatus used was found to be 110 grams from two determinations.

A hygroscopic substance was placed in a brass capsule and heated

as shown in Fig. 4 until its temperature was 95.60°C as obtained with

a thermocouple. The sample was dropped into the Dewar flask which
contained 2503 grams of water. The temperature-time graph for

this experiment is shown in Fig. 3. The slope of the straight portion

of the graph was calculated from the equation

Hence,

tl3 ~ tl

r13 — *1

2.829°C - 2.645°C

13 min. — 1 min.

m = 0.0153°C/min.

m =

m =

Similarly, m

so that 0.0153

1"14 — Tx

to. - 2.645

14 - 1

tc = 2.884°C

and 0.0153 = tm ~ tss

tm = 3.196°C.

Sample data:

Ww = 2503 grams, weight of the water

Wc = 68.614 grams, weight of the capsule

Ws = 15.6823 grams, weight of the specimen

E = HO grams, water equivalent

th = 95.60°C

1 International Critical Tables, vol. 5, page 121.
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tc = 2.884°C

tm = 3.196°C

Cc = 0.0936 cal/gm/°C.

Substituting these values in equation (4), the mean specific heat

of the substance was found to be

Cs = 0.225 cal/gm/°C.

In determining the mean specific heat of substances where the

material is heated above, say, 150°C, a liquid other than water can

be used to absorb the heat given up by the substance being tested.

Equation (4) then becomes

( (We Ce + E) (tm ~ tc ) \ .CS =
T (th"tmr -- We Ce|^Ws (5)

where W 1 is the weight of the liquid and Ci is its mean specific heat.

In determining the mean specific heat of a substance for tempera-

tures below the melting point of ice, the material is cooled by placing

it in a cold chamber, as shown schematically in Fig. 5, until its tem-

perature is constant. The specimen is then dropped into the calorim-

eter and a temperature-time graph is obtained as shown in Fig. 6.

In this experiment the following data were obtained

:

M = 0.0178 °C/min.

Ww = 2503 grams

Wc = 51.8539 grams

Ws = 18.0855 grams

E = 110 grams

th = -35.25°C

tc = 2.313°C

tm = 2.197°C

Cc = 0.0873 cal/gm/°C, (-79°C to +18°C).

Substituting these data in equation (4) the mean specific heat of the

specimen was found to be 0.202 cal/gm/°C.
The electric heater and capsule are shown schematically in Fig. 4.

These can be made in any machine shop at a nominal cost. For deter-

mining the mean specific heats of hygroscopic substances it can be
arranged to screw the top on the capsule containing the specimen,

or it can be soldered on if desired. For determining the mean
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Fig. 5. A schematic diagram of a cold chamber used to cool the specimen to the
temperature desired in order to determine its mean specific heat below the temper-

ature of melting ice.

specific heats of eubstances for temperatures below that of melting

ice the capsule containing the specimen was placed in a cold chamber
as shown in Fig. 5.

Results

The mean specific heat of a certain sample of wheat having a

density of 49.5 lbs./cu. ft. and a moisture content of 14.6% by weight
was found to be 0.392 Btu/lb/°F from 35°F to 214°F. The mean
specific heat of one sample of cotton was found to be 0.297 Btu/lb/°F,
(0.297 cal/gm/°C) from 68°F to 300^.* The mean specific heats

of three different samples of hygroscopic materials were determined.
The samples were dried in an oven to constant weight before being
tested. In Series No. 1 the specimens were allowed to come in con-
tact with the water in the calorimeter during the specific heat deter-

1 Landbolt Bernstein gives the following values for the specific heat of cotton

:

0.280—0.283 from 0°— 340Q
0.315—0.316 fromOo—100°C
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Fig. 6. Temperature-time graph of the contents of the calorimeter during the de-
termination of the mean specific heat of a substance below the temperature of

melting ice.

minations. In Series II and III, the specimens were hermetically

sealed, while dry in the capsule. These results are shown in Table I.

TABLE I

The Mean Specific Heats of Three Different Samples of
Hygroscopic Substances

Series I. Samples absorbed moisture during the tests.

Sample
No.

Density (Dry)
Lbs./cu. ft.

Mean Specific Heat
Btu/Lbs./°F

Temperature
Range

20.97

23.42

10.89

0.297

0.316

0.347

32—212°F
32—212°F
32—212°F

Series II. Samples kept dry during the tests.

Sample
No.

Density (Dry)
Lbs. jcu. ft.

Mean Specific Heat
Btu/Lbs./°F

20.97

23.42

10.89

0.220

0.226

0.233

Temperature
Range

32—212°F
32—212°F
32—212°F
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Series III.

Table I (concluded)

Samples kept dry during the tests.

Sample
No.

Density (Dry)
Lbs. Icu. ft.

Mean Specific Seat
Btu/Lbs./°F

Temperature
Range

A
B
C

20.97

23.42

10.89

0.194

0.208

0.190

—31 to °F
—31 to °F
—31 to °F

Conclusions

In many design problems the engineer has to deal with steady and

transient heat flow where the specific heat of the material must be

considered. It has been shown that the specific heat of most sub-

stances can be determined over a wide temperature range by the

method of mixtures. The method described is quite simple and no

great technical skill is required to obtain the necessary data needed

to calculate the specific heat. With the exception of the electric

heater and the cold chamber all the equipment required can be pur-

chased from companies that sell laboratory supplies.
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The Oxidation of Alcohols by Potassium

Dichroruate in Glacial Acetic Acid and

by Chromic Anhydride in Glacial

Acetic Acid

Max I. Bowman, Carl E. Moore, H. R. Deutsch and

John L. Hartman
Department of Chemistry, University of Louisville, Louisville, Kentucky

In the course of a series of experiments with oxidation of alcohols

(1,2), it was found that using potassium dichromate in glacial acetic

acid gave good yields of the aldehydes without any great amounts

of acids being formed. The amount of aldehyde formed was calcu-

lated from the 2,4-dinitrophenylhydrazone according to the method

of Iddles et al (3). It is probable, however, that very little free alde-

hyde is formed. For example, on oxidation of the Cie alcohol we iso-

lated a product whose analysis was close to that of the aldehyde diace-

tate, and it is probable that the aldehyde forms the diacetate in other

instances also, which would explain why the reaction stops at the alde-

hyde stage without forming any large amounts of acid. For example,

on oxidation of the Ci6 alcohol we noted that 68% of the aldehyde

was formed, and only 21% of the acid. This diacetate formation

probably accounts for the fact that in some instances isolation of the

aldehyde itself was difficult, although the 2,4-dinitrophenylhydra-

zone derivative could readily be isolated. In preparing low boiling

aldehydes such as propionaldehyde by this method and attempting

to isolate the aldehyde by distillation of the acetic acid solution from

a column, it was noted that only about 407o of the aldehyde came over

in the lowest boiling fraction, and a large portion of it remained in

the residue, even after distillation of half of the acetic acid, as shown

by the 2,4-dinitrophenylhydrazine test.

Oxidation of saturated alcohols with Cr0 3 in glacial acetic acid

did not give good yields of aldehydes, and to obtain any aldehyde at

all it was necessary to limit the reaction time to three minutes or less

at 25° C. With crotyl alcohol and allyl alcohol, fairly good yields of

aldehyde were obtained.

This procedure was first adopted in an effort to find a satisfactory

way to oxidize 4-chloro-l-butanol to the aldehyde without excessive

Transactions of the Kentucky Academy of Science, 14 (1): 33-37. February, 1953.
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decomposition. However this aldehyde was found to be very difficult

to recover, although it can readily be isolated as the 2,4-dinitrophenyl-

hydrazone, m.p. 132° C. Presumably it could be regenerated from

this derivative, but this would not be a suitable method of obtaining

the aldehyde in quantity. For higher aldehydes the recovery is fairly

simple. However, on recovery of the C i4 to Ci 8 aldehydes we were

unable to obtain the monomeric form, but recovered various polymers

of higher melting point than the monomer. The 2,-4-dinitrophenyl-

hydrazones and other derivatives had the correct melting points,

however.

Bichromate Oxidation, 1/100 Mol Runs

0.034 mol (1.0 g.) of finely powdered potassium dichromate is

added to 50 ml. of glacial acetic acid in a 100 ml. three necked flask

equipped with sealed stirrer, dropping funnel and thermometer.

The solution is warmed with stirring to the reaction temperature

(between 95° and 100° C). There is added 0.01 mol of the alcohol

dissolved in 15 ml. of glacial acetic acid through the dropping funnel

at a rate sufficient to maintain the oxidizing temperature. The re-

action mixture is maintained at the oxidation temperature from three

to eight minutes, warming if necessary, and finally it is cooled to

room temperature. The contents of the flask are then made up to

100 ml. with isopropyl alcohol in a volumetric flask and the amount

of aldehyde determined quantitatively, using a suitable aliquot (3).

Results are shown in Table I.

TABLE I

Dichromate-Acetic Acid Method (0.01 mol runs)

% Yield of aldehyde
Alcohol Temperature °C. (as 2,4-DNPE)

4-chloro-l-butanol 105 62
4-chloro-l-butanol 95 58
4-chloro-l-butanol 85 40
isoamyl alcohol 105 54
isoamyl alcohol 95 63
isoamyl alcohol 85 58
allyl alcohol 105 102
benzyl alcohol 105 86
2-ethyl-l-hexanol 105 68
n-amyl alcohol 105 65
dodecanol (lauryl alcohol) 105 84
hexadecanol (cetyl alcohol) 105 68

Dichromate-Acetic Acid Method (larger runs)

The procedure in the oxidation step was the same as in the 0.01

mol runs expect that the quantities of reagents were increased tenfold
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(in some runs twentyfold or more). On completion of the oxidation,

the reaction mixture is poured into a large excess of water. The

precipitate is filtered off, dissolved in ether and allowed to stand for

several days with an excess of saturated sodium bisulfite solution,

either on a mechanical shaker, or shaking vigorously at frequent

intervals. The bisulfite addition compound is then filtered, washed

with ether, and decomposed, either with cone. HC1 or by refluxing

for thirty minutes with an excess of formalin solution. This pro-

cedure is suitable only for recovery of solid aldehydes, although pre-

liminary experiments indicate that other moderately high molecular

weight aldehydes such as decanal may be recovered by a slight modi-

fication of this method. Kesults are shown in Table II.

TABLE II

Dichromate-Acetic Acid Method (larger runs)

% Yield of AI.p.°C. Literature

Alcohol aldehyde m.i).°C.(4) Derivatives

2,4-DNPH 106° (Lit. 106°)dodeeanol , . 53 44.5 44.5

tetradecanol . . . 42 41 23

hexadecanol .

.

. 61 60 up 34

octadecanol .

.

. 65 63 38

(2,4-DNPH 104.5°(Lit.l05-7°)(5)

NPH 96° (Lit. 96.5°) (4)

In one run on oxidation of hexadecanol, the precipitate formed on

dilution with water was recrystallized from alcohol-water until its

melting point was 79-80°. Molecular weight determination by the

Rast method gave a result of 195, which is lower than either the free

aldehyde or its diacetate. On the assumption that the diacetate is

formed, it might be decomposed by heat at the temperature of the

melt, which was in this case 157°, the low molecular weight value

being due to a mixture of the aldehyde and acetic anhydride formed

by this decomposition. The analysis of the 79-80° melting product

was C, 71.11; H, 12.01. Calculated for the aldehyde is C, 74.80;

H, 12.40, for the aldehyde diacetate C, 70.12; H, 11.20, indicating

that this product may be a mixture of the aldehyde or its polymer

with the diacetate. Both this product and various aldehyde polymers

regenerated from the bisulfite addition compound gave the two de-

rivatives shown in Table II.

Chromic Anhydride-Acetic Acid Method

Chemically pure CrOs was dissolved in glacial acetic acid in the

ratio of 015 g. of CrOs per 100 ml. of solution. The reactions were
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carried out in a 200 ml. three-necked flask equipped with condenser,

stirrer, and microburet. 50 ml. of the chromic anhydride-acetic acid

mixture was introduced into the flask, then, with stirring, the alcohol

was introduced from the microburet, in quantities varying from 0.10

to 0.15 ml. Reaction temperature was 20°C. except in the case of

1-hexanol, in which it was 25°. At the end of a definite period, the

stirring was stopped and the amount of aldehyde determined by the

2,4-dinitrophenylhydrazine method, working as rapidly as possible in

order to prevent further reaction of any residual Cr03. Melting

points of all 2,4-dinitrophenylhydrazones checked with the literature

values (4). Results are shown in Table III.

TABLE III

Chromic Anhydride-Acetic Acid Method (Temp. 20 °C.)

Alcohol % Yield of aldehyde

3 min. 5 min. 8 min. 15 min.

crotyl 56 63 77 61
allyl 80 66 48
1-hexanol 11.5 (Temp. 25 °C.)

Summary

Dichromate-acetic acid mixtures have been used for oxidation of

alcohols to aldehydes for the first time, and yields have been found
to be good. Quite independently, Fieser (6) has utilized sodium di-

chromate in glacial acetic acid for various oxidations, but did not

apply it to aldehyde preparations. Chromic anhydride in glacial

acetic acid is shown to give satisfactory results with unsaturated
adlehydes but not with saturated ones such as 1-hexanol under the

conditions of our experiments.
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Electron Microscope Observations of a

Bacteriophage Active Against

Pseudomelia® aeruginosa 1

0. F. Edwards and C. H. Dombrmuth

Department of Bacteriology, University of Kentucky
Lexington, Kentucky

1 he electron microscope has been used to study the action of vari-

ous T strains of bacteriophage on Escherichia coli (B) and has re-

vealed significant information about the morphology of both the

infecting bacteriophage and the infected host (1,2,3).

This study, the first of a series which will include other bacterial

hosts and their bacteriophages, describes the changes in morphology

which occur during the disease process induced in Pseudomonas

aeruginosa.

Materials and Methods

The host, P. aeruginosa (C-6), was obtained from the stock cul-

ture collection of the Department of Bacteriology, University of Ken-

tucky. An eight hour yeast extract broth2 culture was prepared

by centrifuging the cells from the culture medium at 2000 rpm for

20 minutes; followed by resuspending and washing the cells twice

in sterile physiological salt solution; and finally by resuspending

the cells and centrifuging at low speed, 500 rpm for 5 minutes, to

remove any clumps of cells.

The bacteriophage suspension, which was a freshly filtered 24

hour lysate, was isolated from sewage effluent and purified by the

usual methods.

A thin film of collodion was deposited on the surface of a yeast

extract agar plate (4), and was by means of a sterile camels hair

brush gently inoculated with host cells. The plates were incubated

in a dry-type incubator for one and one-half hours at 37 C with the

plate covers removed to hasten drying. Bacteriophage filtrate was
then added to the host cells with another sterile camels hair brush.

Immediately, the specimen plates which were designated as zero

1 This work was supported in part by a grant-in-aid from the University of Kentucky
Research Fund to one of us (O. F. E.).

2 Formula for yeast extract medium: Yeast extract—5g, Phytone—15g, Trypticase

—

5g, Sodium chloride—5g, Distilled water—1000 ml, pH 7.6. For a solid medium add
15g agar.

Transactions of the Kentucky Academy of Science, 14 (1): 38-42. February, 1953.
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time were fixed with osmium tetraoxide vapor for 2 minutes. The

remaining plates were put back in the incubator, and then removed

and fixed at intervals of 15 minutes during the course of the infection.

Control samples of the host and of the parasite were also prepared

and examined.

After the fixation process was complete a sharp scalpel was used

to cut through the collodion membrane along a circle with a radius

of 25 mm and with its center on the specimen area. The specimen,

supported by the circular membrane of collodion, was then floated

onto the surface of water. A wire loop, 37 mm in diameter and fitted

with 2 cross wires 19 mm apart, was used to lift the membrane and

lower it onto a specimen screen supported by a glass slide, 9 mm by

25 mm in area which had been balanced on a small cork. The cross

pieces of the wire loop readily passed the glass slide leaving the mem-
brane on the specimen screen.

The specimen was allowed to dry and was shadowed with 80 A of

chromium at a grazing angle of 11° and strengthened with 15 A of

aluminum deposited vertically. The electron micrographs were

made with an EMU-2A RCA electron microscope.

Observations

Several changes in the morphology of the host occurred during

the course of infection. (1) The cells gradually increased in opacity

to the electron beam until shortly before the bacteriophage was lib-

erated. (2) Coincident with this increase in opacity, dense internal

spherical bodies which averaged 0.15 u in diameter disappeared. (3)

The cells increased in both length and girth.

Normal uninfected host cells of P. aeruginosa are shown in Fig-

ure 1. The white line in this and in the figures to follow represents

a distance of 1 u in the original specimen. The protoplasm of these

cells possessed normal density and readily permitted the passage of

electrons. The ends of recently divided daughter cells were rounded

and the shape of individual cells conformed to the pressure of their

neighbors. This deformation was an indication of the normal inter-

nal pressure of the uninfected cells. The dense spherical bodies con-

stituted one of the distinct morphological characteristics of the host.

The individual bodies within a single cell varied in size, but it was

apparent that the bodies in any particular cell were similar to those

in any other.

The specimen fixed at zero time, that is, as soon as possible after
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adding the parasite (bacteriophage) to the host (bacterial cells) was

used to prepare Figure 2. Because the period of elapsed time after

infection was too short no change in morphology was evident. The

bacteriophage suspension added to the host cells was not great enough

in concentration to permit the detection of free bacteriophage.

Figure 3 was prepared from the specimen that had been fixed

after incubating for 15 minutes. The infected cells showed an in-

crease in length and in opacity to the electrons. The shape of the

individual cells did not conform to the shape of adjacent cells which

indicated an increase in internal cell pressure. However, dense

bodies were found in several cells which might have been either un-

infected or infected for too short a period of time to show changes.

Figure 4 was prepared from the specimen which had been fixed

after 30 minutes' incubation. The increase in density of the cells

to electrons and the increase in cell length was apparent; at the

division point the ends of the cells had become flattened because of

increased internal pressure.

Figure 5 was taken from the specimen fixed after incubating for

45 minutes. This cell had increased abnormally in length possibly

because it had failed to divide ; it is not unusual for a bacteriophage

infected cell to fail to divide. The increase in opacity to electrons

was evident.

Figure 6 was prepared from a specimen which had been fixed after

incubating for 60 minutes, or a little less than the critical burst time,

which was found to be 70 minutes for this combination of host and
parasite. The opacity and length of these cells were at a maximum,
and did not increase, normally, in subsequent specimens. The inter-

nal pressure was indicated both by the flattening of the connected
ends of daughter cells and by the rounding of the opposite ends.

Figure 7 was a specimen fixed after incubating for 75 minutes.
In several cells the infective process had developed to a point just
prior to the release of bacteriophage. The dense bodies had now
become visible again and the remaining portion of the cells easily

transmitted electrons, perhaps more easily than normal uninfected
cells. The cell walls had degenerated permitting a decrease in inter-
nal cell pressure. As a result the cells had collapsed and assumed
a distinctly flattened appearance. The small round irregularities of
the cell surface showed the presence of bacteriophage within the cell,

however, little migration of bacteriophage into the area surrounding
the cell was evident.



Plate I

Electron photomicrographs of preparations of Pseudomonas aeruginosa un-

infected and after various intervals of incubation following infection with
bacteriophage. Scale: white line=l u.

Fig. 1: Normal, uninfected host cells of P. aeruginosa. Pig. 2: From
preparation fixed immediately after addition of bacteriophage (zero time).

Figs. 3-6: From preparations fixed after 15 min. (fig. 3), 30 min. (fig. 4),

45 min. (fig. 5), and 60 min. (fig. 6) incubation.
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Plate II

P. aeruginosa, continued from Plate I.

Figs. 7-11: From preparations after 75 min. (figs. 7, 8, 9), 90 min. (fig.

10), and 105 min. (fig. 11) incubation. Fig. 11 shows no cells but many
bacteriophage particles. Fig. 12 : Filtrate of bacteriophage suspension show-

ing particles of bacterial protoplasm but no bacteriophage.
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In Figure 8, also at 75 minutes, the lower cells resembled those

of the previous figure, but the upper cell had many small round pro-

jections, perhaps caused by internal bacteriophage. Many external

spherical particles, 25 mu in diameter, could be seen; these may have

been structural units of the bacterial protoplasm. These particles

have been observed consistently, during all of our studies, in cells

lysed with bacteriophage. The large dense projections resembled

the polar bodies that are commonly observed in old bacterial cells.

Many bacteriophage tails were scattered throughout the field.

Figure 9 was prepared at 75 minutes and shows a cell which had

lost most of the small spherical particles. The cell membrane had

degenerated and become weakened and many bacteriophage were

seen in the cell remains. The flagellum which could be traced into

the interior of the cell body was an interesting morphological feature.

The heads of some bacteriophage showed a dense spherical structure

around which the remainder of the head had collapsed ; however,

other heads possessed 3 or 4 of these dense spherical structures.

There was evidence that the cells did not "burst" prior to liberat-

ing bacteriophage, but that the cell wall or cell membrane degenerated

permitting the bacteriophage to migrate from the infected cell. This

evidence was the gradual appearance of extracellular bacteriophage

accompanied by a progressive degeneration of the cell wall, and by

a loss of internal pressure ; whereas, one would have expected to

find jagged or torn cell walls if the cell had "burst,"

In Figure 10 at 90 minutes nearly 200 bacteriophage could be

counted in the degenerate cell, and there were nearly 150 scattered

about the cells. Within this cell the bacteriophage were closely

packed and formed a more or less regular pattern (5). Many of the

heads (85 mu by 85 mu in size) of the intracellular bacteriophage

appeared to have only one dense spherical body (50 mu in diameter)
;

whereas, many of the bacteriophage outside of the cell possessed 4

bodies in the head portion.

Figure 11 was prepared from the specimen incubated for 105

minutes. It shows many bacteriophage particles, some with central

bodies (50 mu) and some with 4 bodies in the head portion (85 mu)
;

also, there were free spherical particles of the same size as the central

bodies, which indicated that the heads of these bacteriophage were

not simple structures.

Figure 12 was prepared from the filtrate, bacteriophage suspen-

sion, and showed many small particles (25 mu) of the bacterial pro-
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toplasm but the number of bacteriophage particles in the suspension

was not large enough for any to appear in a random microscope

field.

Summary and Conclusions

Bacteriophage infected cells of Pseudomonas aeruginosa were

found to undergo a clearly defined series of related morphological

changes.

1. There was an increase in cell length, girth, and opacity to

electrons, coincident with the gradual disappearance of dense spher-

ical intracellular bodies (0.15 u) until shortly before bacteriophage

liberation.

2. At this time a reduction in opacity to the electrons occurred

and the dense spherical bodies (0.15 u) reappeared.

3. As the cell progressively degenerated, increased numbers of

the intracellular bacteriophage became visible.

4. Finally, an abundance of extracellular bacteriophage and
small spherical particles (25 mu) was liberated from the infected

cells.

5. The bacteriophage was found to have a round head 85 mu
by 85 mu and a straight tail 25 mu by 130 mu. The heads appeared
to possess from one to four dense spherical bodies 50 mu in diameter.
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RESEARCH NOTES

An Apparent Case op Rotenone Tolerance in a

Bluegill, lepomis macrochjrus

During' the fall of 1951 toxicity experiments in relation to the use of

rotenone compounds for fish eradication were being conducted in the fisheries

laboratories of the Kentucky Department of Fish and Wildlife Resources.

During one series of experiments it was noted that one of the test fishes,

a juvenile bluegill Lepomis macrochirus (Rafinesque), had remained alive

for eighteen hours in a tank containing water with a rotenone concentration

of 14 p-P-m. and at a temperature of 80° F. Nine other fish, of the same

size and species, had died after four hours. The true toxicity of the water

in this tank had greatly increased since their death, which is an easily demon-

strated factor in rotenone poisoning, but the fish under consideration seemed

immune to it. At this point four additional juvenile bluegill were marked

and placed in the tank, and all were dead within thirty minutes.

The subject was then removed to fresh water and 24 hours later fin-

clipped and placed with nine others in a tank with a rotenone concentration

of .736 p.p.m. and a temperature of 80° F. At the end of 43 minutes the

only fish alive in the tank was the fin-clipped individual. It should be noted

that .736 p.p.m. of rotenone is that concentration given by 2 pounds of 5%
derris root per foot acre of water, the amount commonly used in the eradica-

tion of fish populations. The subject survived in this concentration for six

days, at which time it was removed to fresh water.

During the entire course of these experiments the subject showed no

behavior symptoms of rotenone poisoning, and physical symptoms were

confined to a slight congestion of blood at the base of the caudal peduncle.

Of the hundreds of fishes used during this work no other fish ever sur-

vived rotenone concentrations of these magnitudes, and although many other

workers have performed similar experiments there is no record of any other

fish which was apparently tolerent to rotenone concentrations of .5 p.p.m.

or over.

William A. Tompkins,

Dept. Fish and Wildlife Resources, Frankfort, Kentucky

Received 15 December 1952.



ACADEMY AFFAIRS
EDITORIAL

The officers of the Kentucky Academy of Science are proud to present

the Transactions in a new format which we hope you will like. It is the

work of a firm which specializes in the production of scientific and other

scholarly books and journals.

We plan to issue the Transactions as a quarterly in the future insofar

as resources permit. Beginning with this number we propose to complete

one volume of four numbers each year, although occasionally it may be

necessary to combine two numbers into one issue.

It is obvious that only the Academy at large can provide the basic ingre-

dients for the best possible Transactions, namely, good manuscripts and

adequate funds. Let each member seek at all times to enlist new members
and institutional subscriptions. Members are invited to take sustaining mem-
berships, or to include contributions to the publication fund with their

payment of dues. We suggest to all contributors and in particular to those

with lengthy manuscripts or manuscripts containing extensive tabular or

illustrative material, that they overlook no opportunity to defray a portion

of the cost with research grants or other funds which may properly be used
for such purposes. At the present time there are no fixed limits to manu-
script length, number of illustrations, or number of manuscripts which may
be submitted. We wish to retain this flexibility and to welcome for con-

sideration as many manuscripts as anyone may care to submit. Prudence
and necessity may impose limits eventually, but that day is postponed by
every financial increment, however small.

Contributors should know that the Transactions receives a fairly wide
circulation. Three hundred copies are mailed by the University of Louis-
ville Library to scientific and education institutions, some of which are in

foreign countries. Miss Evelyn Schneider, the Librarian, will welcome sug-
gestions concerning distribution of the Transactions to other organizations.
Literature received in exchange is available on loan to all members of the
Academy.

Clearly the prime responsibility of the editors is that of molding the
Transactions into what you would have it become. To that end we seek
your ideas and assistance.

The Editors.

THIRTY-EIGHTH ANNUAL MEETING OP THE KENTUCKY
ACADEMY OF SCIENCE

The thirty-eighth annual meeting of the Kentucky Academy of Science
was held at Georgetown College, October 17 & 18, 1952. The program fol-
lows:

Friday, October 17
1:00 p.m. Registration, Giddings Hall.

2:00 p.m. Executive Committee Meeting, Giddings Hall.
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3:00 p.m. Symposium and Discussion on Pre-medical Education, Lewis
Auditorium.

"Preparation for the study of medicine." J. Murray Kinsman,
Dean, University of Louisville School of Medicine ; moderator
of symposium.

'
' The role of the humanities and social sciences in pre-medical

education." Arch E. Cole, University of Louisville School of

Medicine.
'

' Science in pre-medical education. '
' John F. Taylor, University

of Louisville School of Medicine.

5:00 p.m. Fellowship period, Knight Hall.

5:45 p.m. Business Meeting, Lewis Auditorium.

6:30 p.m. Committee Meetings; Board of Directors Meeting.

7:00 p.m. Banquet, Kucker Hall.

8:15 p.m. General Session, Lewis Hall.

"Heart research at the University of Louisville School of Med-
icine. '

' J. Murray Kinsman, Dean, University of Louisville

School of Medicine.

Saturday, October 18

8:00 a.m. Business Meeting, Lewis Auditorium.

9:00 a.m. Symposium and Discussion on Correlation of High School and
College Teaching. Lewis Auditorium. Speakers: Dr. William
Ward, University of Kentucky, and W. S. Pell, Department of

Mathematics, University of Kentucky.

10:00 a.m. Sectional, Meetings (see below).

1:00 p.m. Luncheon, Bucker Hall.

2:00 p.m. Adjournment.

SECTIONAL MEETINGS
Saturday, October 18, 10:00 a.m.

Bacteriology and Medical Technology Section

"Management of the bone bank at Veterans' Administration Hospital." Norma
Jean Cambron, MT (ASCP) Veterans' Administration Hospital, Louisville.

"The role of the heat stable antigen in the serological identification of proteo-

lytic Clostridium." James W. Mandia, Dept. Animal Pathology, Experi-
ment Station, University of Kentucky. (By invitation.)

"Electron microscope observations of a bacteriophage active against Pseudo-
monas aeruginosa." O. F. Edwards and C. H. Dobermuth, Dept. Bac-
teriology, University of Kentucky.

"A report of two unusual bacteriological findings of medical interest." A.
Balows, Laboratory of St. Joseph's Hospital, Lexington.

"Early diagnosis of cervical cancer by the cytological method." Seth W.
Gilkerson, Berea College.

"Attempts to isolate bacteria that decompose the SSS of Klebsiella pneu-
moniae type A. '

' Genevieve Clark and James C. Humphries, Dept. Bac-
teriology, University of Kentucky.

Biology Section
'

' Some studies on Galumna virginiensis and Moniezia expansa. " J. M. Edney
and George W. Kelly, Dept. Zoology, University of Kentucky.

"Calanoid and cyclopoid copepods of the Louisville region." Gerald A. Cole,
Dept. Biology, University of Louisville.

"Toxicity thresholds of various industrial waste substances to adult Daphnia
magna." A. S. Bradshaw, Dept. Biology, Transylvania College.
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"The effect of colchicine on the cytology of Chlamydomonas chlamydogama."

Emily J. Bell, Vanderbilt University (present address, Dept. Bacteriology,

University of Kentucky).
1 ' A study of the leaf-hopper genus Empoa. '

' Paul J. Christian, Dept. Biology,

University of Louisville.

" Beproduction in insects, an outline." Alfred Brauer, Dept. Zoology, Univer-

sity of Kentucky.

"Studies of growth in Cercidiphylhtm." Paul Titman, Dept. Biology, Univer-

sity of Louisville.

"Studies of X-ray treatment of Phlox: physiological results." John S. Bang-

son, Berea College.

Chemistry Section

"A new octalone synthesis." Max I. Bowman and Charles Ketterer, University

of Louisville.

"An aliphatic Friedel Crafts reaction. Condensation of 1-methylcyclohexane

with succinic anhydride." Max I. Bowman and Leonard J. Viola, Univer-

sity of Louisville.

"The sugars in the honeydew melon." Sister Virginia Heines, Sister Roderick

Juhasz, and Sister Adeline O'Leary, Nazareth College, Louisville.

"The reaction of toluene with diketene. " R. Ray Estes, University of Ken-
tucky.

"The preparation and analysis of barium ferrate." J. B. Gump and W. F.

Wagner, University of Kentucky.

" Polarographic analysis of copper in titanium alloy." W. F. Wagner, Univer-

sity of Kentucky.
'

' Concerning the nature of the oils in the uropygeal glands of chickens and the

characteristic odor before and at maturity. '
' G. Davis Buckner, W. M.

Insko, Jr., A. H. Henry, and E. F. Wachs, Agricultural Experiment Sta-

tion, University of Kentucky.
'

' Reactions of methane with iodine activated by radiative neutron capture. '

'

Gerrit Levy, Berea College, and John E. Willard, University of Wisconsin.

"A rapid determination of calcium and magnesium." Julian H. Capps, Berea
College.

"Synthesis of quinolizinium salts." Richard H. Wiley and N. R. Smith, Uni-
versity of Louisville.

"The glycolytic action of the blood of the rat and the effect of certain drugs
on it." William Cantrell, University of Louisville School of Medicine.

ENGINEERING' SECTION

"Preliminary report on performance of the University of Kentucky new heat
pump." E. B. Penrod, Merl Baker, and Alfred M. Levy; University of
Kentucky, Lexington.

Research has been done with an earth heat pump at the University of Kentucky
from 1948 to 1951. The heat pump system used consisted of a Marvair package
heat pump and a ground coil. A new experimental heat pump has been designed
and installed in the Mechanical Engineering Laboratory of the University. It has
replaced the Marvair heat pump, but the same ground coil was used. This paper
is primarily a report, which deals with preliminary tests to determine the per-
formance of the new heat pump when operating for short periods on both the
heating and cooling cycle.

"Controlled electric water heating for residential application." C. W. Haagard,
Kentucky Utilities Company, Lexington.

A discussion of the specialized application of electric water heaters and a com-
parison of the characteristics of electric heaters with those operating with combustible
fuels.

"Standard data time studies." Oliver W. Gard, Universitv of Kentucky, Lex-
ington.

A simple technique of recording and computing time study data which results
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in great savings in time study cost on factory operations. This technique which
significantly reduces the error of individual time studies can be applied to any
type of industry where jobs of similar nature are repeated many times.

"A layer study of preferred orientations in titanium." C. J. McHargue and
J. P. Hammond, University of Kentucky, Lexington.

An X-ray study of preferred orientations in cold and hot rolled titanium sheet
shows that there was no layer texture present. An explanation is offered as to
why a layer texture had been previously reported.

"Engineering interpretation of aerial photographs." D. K. Blythe, University
of Kentucky, Lexington.

Kentucky is being completely mapped by the use of aerial photographs. These
photographs can be used for many purposes other than mapping. Examples of the
use of photographs for the location of transportation facilities and the identifications
of geologic and soil formations will be shown by slides.

"Interpretation of meteorological records and natural land features for estimates
of runoff from drainage areas in Kentucky." Eugene West, Ky. State
Highway Dept., Lexington.

Various approaches to runoff determinations are analyzed for their limitations
as well as applications to physiographic features of Kentucky. Similarly, methods
of interpreting meteorological records extending up to a period of 65 years are
discussed with a view toward establishing storm frequencies and intensities appli-
cable to different sections of the state.

"General review of processes for electric relaying." M. W. Whitaker, Ken-
tucky Utilities Company, Lexington.

'
' Constant K L-C niters with resistance loads. '

' Dr. N. B. Allison, Univer-

sity of Kentucky, Lexington.

A brief discussion of the performance of electrical filters with matched and
unmatched loads.

THE 1953 MEETINGS

It was decided to schedule the 1953 meetings as follows

:

The 1953 Spring Meeting will be held at Ashland Junior College, Ash-

land, Kentucky, May 1 and 2, 1953.

The Thirty-ninth Annual Meeting will be held at the University of Ken-

tucky, Lexington, on October 30 and 31, 1953.

ELECTION OF OFFICERS

The election of officers for 1952-53 was as follows: President-elect, C. B.

Hamann ; Vice-president, Hazel Nollau ; Secretary, Mary Wharton ; Treas-

urer, R. H. Weaver; Representative to A. A. A. S., Austin R. Middleton.

Thomas Herndon, President elect of 1951, assumes the office of President.

Three directors were elected : Roger Barbour and C. P. McNalley for four-

year terms (to 1956), and Sister Mary Juletta for the unexpired term of

Paul Kolachoff (to 1954).

Vacancies on the editorial staff were filled by the following appoint-

ments: Merl Baker as Associate Editor for the Engineering Section and

Ward Sumpter as Associate Editor for the Chemistry Section.
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DEATHS

Deaths of the following' members were reported

:

Dr. E. Ries

Dr. Charles Hire

Dr. A. M. Homberger

Dr. C. G. Peterson

FINANCIAL STATEMENT, OCTOBER 1, 1952

cash in bank—October 1, 1951 $ 1,640.58

RECEIPTS :

Membership dues—1949-50 $ 8.00

1950-51 28.00
1951-52 444.00
1952-53 4.00

Sustaining 1951-52 360.00

Life membership 30.00

Total dues collected $ 874.00
Sale of reprints 110.70
Profit from dinner (Fall meeting) 2.90

A.A.A.S. Research Grant (Wharton) 50.00

Univ. of Louisville Library—copies

Transactions for exchange purposes 300.00

TOTAL RECEIPTS 1,337.60

$ 2,978.18

DISBURSEMENTS :

Eve Printing Co.—Printing two
numbers of Transactions $ 1,411.20

Eve Printing Co.—Reprints 112.75
Contributions Ky. Junior Academy of Science 50.00
Expenses of Treas., Secy, meeting expenses, etc. 120.13
Mary Wharton—Research grant 50.00
State Bank Tax 1.60

TOTAL DISBURSEMENTS $ 1,745.68

balance—October 1, 1952 $ 1,232.50

R. H. Weaver, Treasurer.



INSTRUCTIONS FOR CONTRIBUTORS
The Transactions of the Kentucky Academy op Science is a medium of

publication for original investigations in science. Also as the official organ of the

Kentucky Academy of Science, news and announcements of interest to the mem-
bership are published therein. These include programs of meetings, titles, abstracts
of papers presented at meetings, and condensations of reports by the Academy's
officers and committees.

Papers may be submitted at any time to the editor or one of the associate
editors. Each manuscript will be reviewed by one or more persons qualified in the
field in addition to the editors before it is accepted for publication, and an attempt
will be made to publish papers in the order of their acceptance. Papers are ac-

cepted for publication with the understanding that they are not to be submitted
for original publication elsewhere, and that any additional printing shall be at a
later date and shall be designated in an appropriate credit line as a reprint from
the Transactions of the Kentucky Academy of Science.

Manuscripts should be typed, double-spaced, with wide margins, on paper of
good stock. The original and one carbon copy should be submitted, and the author
should retain one additional carbon copy. It is desirable that the author have his

colleagues read the manuscript for clarity of expression and typographical or other
errors.

Titles must be clear and concise, and provide for precise cataloging. Textual
material should be in clear, brief, condensed form. Footnotes should be avoided.
Tables and illustrations are expensive and should be included only to give effective

presentation of the data. Articles with an excessive number of tables or illustra-

tions, or with poorly executed tables or illustrations, may be returned to the author
for modification.

Line drawings will appear as text-figures, while half-tones or other processes
requiring paper inserts will appear as plates. Text-figures should be jet-black on
white; shading may be indicated by stippling or lines but not by half-tone washes.
Drafting should be carefully done (hand lettering generally is not satisfactory).

Photographs for plates should have good contrast and be printed on glossy paper.

Plates and text-figures are to be numbered consecutively and independently; on the

back of each its number and the author's name should be written lightly in pencil.

Each plate and text-figure must be referred to specifically in the text and must
be provided also with a legend, the latter to be supplied as typed copy separate
from the figures. Figures should be arranged into groups whenever possible and
the legend for each group written as a separate paragraph. The amount of reduc-

tion desired should be indicated and should be consistent with the page dimensions of

this journal. Indications of magnification should apply to the reduced figure.

The aim of the paper should be made clear in the introductory portion. If the

paper is of more than a few pages it should contain a brief "Summary," which
should be lucid without recourse to the rest of the article. In the interest of biblio-

graphic uniformity, arrange all references under a "Literature Cited" heading,

in either of two sequences: (a) alphabetically by author and date, unnumbered, with
textual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b)

numbered in the sequence in which textual citation by numbers is made, as (1),

(2), etc. Use initials for given names. Titles of books must be included, but
those of articles in a serial may be omitted at the author 's discretion. Abbreviate
names of journals, using the form employed by Chemical Abstracts or Biological

Abstracts. Separate the volume number from page numbers by a colon. Eeferences

to books should include also the place of publication and the publisher.

The author is responsible for correcting the galley proof. Extensive alterations

from the original are expensive and must be avoided or paid for by the author.

Galley proofs must be returned promptly. Blanks for reprint orders will be sup-

plied with the galley proof.



SUSTAINING MEMBERS
The following individuals, educational institutions and industrial organiza-

tions have subscribed to one or more sustaining memberships in the Kentucky
Academy of Science.

Adams, S. L., Jos. E. Seagram & Sous, Louisville, Ky.
Anderson, S. V., Kentucky Utilities Co., Central City, Ky.
Beard, Joe, Kentucky Utilities Co., Versailles, Ky.
Bechanan, W. B., Kentucky Utilities Company, Lexington, Ky.
Bokgerding, Walter L., General Distillers Corp., Louisville, Ky.
Boegeeding, Waltee L., Kentucky Utilities Company, Lexington, Ky.
Botts, Seth, Kentucky Utilities Company, Versailles, Ky.
Buchanan, D. E., Kentucky Utilities Co., Lexington, Ky.
Carloss, H. M., Kentucky Utilities Company, Lexington, Ky.
Cedae Bluff Stone Co., Inc., Princeton, Ky.
Centbe College, Danville, Ky.
Clay, De. William, University of Louisville, Louisville, Ky.
Combs, Violet, 420 Maple Ave., Owensboro, Ky.
Coehaet Refbactobies Co., Louisville, Ky.
Devoe and Reynolds Co., Inc., Louisville, Ky.
DeSpain, T. H., Southern Textile Mach. Co., Paducah, Ky.
Eastern Kentucky State College Libbaey, Richmond, Ky.
Eve Peinting Co., Inc., Louisville, Ky.
Floyd, Dr. John B., 183 N. Upper St., Lexington, Ky.
B. F. Goodrich Chemical Co., Louisville, Ky.
Johnson, Heney, Kentucky Utilities Co., Central City, Ky.
Lee Clay Peoducts Co., Inc., (2), Clearfield, Ky.
Lewis, Milton H., Kentucky Utilities Co., Pineville, Ky.
Louisville Free Public Library, Louisville, Ky.
Maxwell, Dr. E. S., Lexington Clinic, Lexington, Ky.
Medley Distilling Co., Owensboro, Ky.
Mileti, Otto J., The Mileti Co., Inc., Louisville, Ky.
Morehead State College, Johnson Camden Library, Morehead, Ky. '

Murray State College, Murray, Ky.
Old Joe Distillery Co., Lawreneeburg, Ky.
Perkins, George, Reynolds Metals Co., Louisville, Ky.
Ralph, Jesse L., 2605 Grand Ave., Louisville, Ky.

Scofield, E. H., Jos. E. Seagram & Sons, Inc., Louisville, Ky.
Skinner, W. H., Kentucky Utilities Co., Lexington, Ky.
Skirvin, J. B., General Refractories Co., Olive Hill, Ky.
Smith, L. A., Joseph E. Seagram & Sons, Inc., Louisville, Ky.
Spanyer, William, Brown-Forman Distillers Corp., Louisville, Ky.
Speed, W. S., 315 Guthrie St., Louisville, Ky.
Stallings, E. M., Jos. E. Seagram & Sons, Inc., Louisville, Ky.
Union College, Abigail E. Weeks Memorial Library, Barbourville, Ky.
Valleau, Dr. W. D., University of Kentucky, Lexington, Ky.
Waters, W. S., 3806 Nanz Ave., St. Matthews, Ky.
Western Kentucky State College, Bowling Green, Ky.

New Life Membership
Wilson, Dr. William S., Box 13, College, Alaska.
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The Status of Floristic Studies in Kentucky

P. A. Davies

Department of Biology, University of Louisville,

Louisville, Kentucky

It is obvious to those who teach plant taxonomic or floristic courses

in Kentucky colleges or who are interested as individuals or as groups

in collecting and identifying the plants of the state, that there should

be more suitable manuals for these purposes. The needs are for

separate manuals with keys for identifications, descriptions of habi-

tats, county distributional records, abundance, and illustrations

where possible, for the seed bearing plants, ferns and their allies,

mosses, lichens, algae, mushrooms and liverworts. This information

would also be of paramount value to physiologists, geneticists, ecolo-

gists, entomologists, biogeographers and soil scientists. The purpose

of this paper is to present the floristic studies that have been made of

Kentucky botany, to direct attention to the areas where studies are

needed, and to interest botanists and amateurs in making additional

contributions.

The geographic position of Kentucky accounts for its varied flora.

It extends from the Mississippi River to the Appalachian Mountains,

a distance of about 460 miles, and is midway between the Gulf of

Mexico and the Great Lakes. In the western part of the state are

found migratory plants of the river deltas intermingled with nu-

merous species from the prairies. The Appalachian Mountains on the

opposite border support an eastern highland flora. An overlapping

of southern and northern plants at this midpoint forms an unusual

distribution of species and a possibility of hybridization. Frequently

our friends from other states tell us,
'

' We like to collect in Kentucky

because it has a varied flora and insufficient data are available on the

number of species or their distributions." The latter statements are

but partially true, for collections have been made and catalogues and

other reports published. However, little attempt has been made to

bring all the ramified information together into easily obtainable and

well annotated texts with keys for identification.

Transactions of the Kentucky Academy of Science, 14 (2) : 49-58. May, 1953.
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Prior to 1940, when Deam's Flora of Indiana was published, Gray's

Manual of Botany 7th ed. (Robinson and Fernald, 1908), although

badly in need of revision, was the most valuable text for the identifi-

cation of the pteridophytes and spermatophytes of Kentucky. Deam's

manual serves for most of the plants of central and western Ken-

tucky, but this manual is out of print and is a collector's item.

Recently Fernald (1950) edited Gray's Manual of Botany 8th ed.

This volume is a source book for taxonomic specialists. With its

broad coverage of the vascular plants of central and northeastern

United States and adjacent Canada and their numerous varieties and

forms, it is very difficult to use for instructional purposes or as an

amateur guide. Small's Manual of Southeastern Flora (1933) does

not cover well the plants endemic in Kentucky and its nomenclature

does not always follow the standard form.

Other manuals and monographs, mostly in restricted fields, are

available for determining the majority of local plants. These botan-

ical treatises have certain limitations, for they cover a wide range

and the keys are usually long and difficult for use by amateurs. Also,

they do not give full information on distributions within our Com-

monwealth and lack data on abundance and descriptions of local habi-

tats.

Three areas of research are needed to build valid manuals of

botany on a state-wide basis:

1. More extensive and complete surveys of all types of plants, par-

ticularly in those parts of the state where little collecting has

been done.

2. Study of the Kentucky plants in the various herbaria, both in

the state and elsewhere. This should be done from the view-

point of determining species, varieties, forms and hybrids, of

plotting distributions, and of bringing the nomenclature up-to-

date.

3. Careful review of all literature containing information about

Kentucky plants. This would aid greatly in determining types

and distributions.

The first published list of the plants of Kentucky on a state-wide

basis was by Rafinesque (1824) in his Florula Kentuckiensis. It is

a rather brief, unannotated catalogue containing both woody and her-

baceous plants. A second and more extensive attempt for a catalogue

of vascular plants for all areas of Kentucky, based on valid specimens,

was made by Short, Peter, and Griswold. These early botanists col-
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lected in various parts of the Commonwealth and published in 1833

their preliminary results in the form of a catalogue. Four supple-

ments were added, the first two by Short and Peter (1834, 1835) and

the last ones by Short (1837, 1840). These publications give the

names of over 1300 species and varieties. It was the intention of

these writers to publish an illustrated flora with keys for identifica-

tion. Lack of funds and the development of diverse interests pre-

vented them from fulfilling their plans. Of the three herbaria, only

that of Short remains today. It is in a good state of preservation in

the Academy of Natural Sciences in Philadelphia. Griswold's her-

barium was destroyed by fire in 1837, and Peter's in the same man-

ner in 1948.

In 1853, Spilman prepared for the Transactions of the Kentucky

State Medical Society a list of 1174 species and varieties of local ferns

and seed plants. No herbarium remains to validate his list and the

names resemble very closely those published by Short, Peter, and

Griswold.

The third attempt to accumulate an herbarium as a basis for a

manual of Kentucky botany was in the Botany Department at the

University of Kentucky. In this herbarium was deposited the most

complete collection of local plants ever assembled as a unit. Unfor-

tunately these valuable specimens were destroyed when the building

in which they were stored burned in 1948. F. T. McFarland's Cata-

logue of the Vascular Plants of Kentucky, published in 1942, gives the

species, varieties and forms of the vascular plants deposited at that

time for the state. His catalogue contained 1639 spermatophytes and

63 pteridophytes, a total of 1702.

E. Lucy Braun published in 1943 an Annotated, Catalogue of the

Spermatophytes of Kentucky containing 1824 species, varieties, forms,

and hybrids. Her contribution, derived from numerous sources and

containing county distributional records (McFarland's Catalogue

lacked county records), is the most extensive listing of Kentucky

seed plants.

A study of major importance has been made by Mary E. Whar-

ton (1945) on the vascular plants of the Devonian-Mississippian

black-shale (locally known as the Knobs) region of Kentucky. This

area of approximately 900 square miles comprises parts of eighteen

comities. Her well annotated list of 1014 species, varieties, forms and

hybrids includes county distributions, habitats, and abundance. The

floras of other geological formations should be studied in the same

manner.
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Some excellent state-wide studies in restricted fields have been

started, but they need supplementation by additional studies cover-

ing large areas of the state. Williams compiled a volume in 1878

with keys and some excellent illustrations on the ferns of Kentucky.

This book containing 41 species and varieties may still be used to

identify many of the local ferns. In 1904, Price listed, with com-

ments, 38 ferns and 4 clubmosses. She prepared this list at the re-

quest of the editor of The Fern Bulletin. In two papers published

in 1938 on the Ferns and Fern Allies of Kentucky, McCoy increased

the number of pteridophytes to 62 of which 53 were ferns, 2 were

horsetails, and 7 were clubmosses. He not only included keys for

identification but also valuable county distributions.

An initial attempt to assemble data on the woody plants of Ken-

tucky was made in 1898 by Price. From her own observations and

those of Short, Peter, and Griswold (1833), Hussey (1876), Linney

(1880, 1882), Kearney (1893-1894), and others, she listed 145 trees

and 110 shrubs. Later, the Agricultural Experiment Station at Lex-

ington issued a bulletin by Garman (1913) containing 269 trees and

shrubs. The bulletin includes descriptions, county distributional

records, and a few illustrations. Desiring a more complete manual

with keys for rapid identification of the trees, LaFuze published

(1949). Key to Kentucky Trees. This is a valuable publication con-

taining 156 native and 23 naturalized trees. However, in his list are

some that may be considered as shrubs.

Anderson in 1924 submitted as part of his Master's Degree re-

quirements at the University of Kentucky a thesis entitled the Gram-

males of Kentucky. The content consists chiefly of the grasses de-

posited in the Botany Department of the University of Kentucky,

the Kentucky Agricultural Experiment Station, and in his own col-

lection. In 1941, Harvill presented for his Master's thesis at the

University of Kentucky A Contribution to the Compositae of Ken-

tucky, listing 219 species and varieties in 57 genera. Both of these

important studies, which have many valuable uses, should be con-

tinued.

The first report on the mosses collected in the state was made by
Short (1837) in his Third Supplementary Catalogue of the Plants

of Kentucky and contained 31 species and varieties. A second re-

port was issued by Smith in 1927 on 26 species which he collected in

eastern Kentucky. Kecently, Fulford and Shacklette (1942) re-

ported on 169 species and 14 varieties or forms of mosses collected in

the Commonwealth. Shacklette expects to expand this study as part
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of the requirement for his Doctorate at the University of Michigan.

When completed it will be a valuable and needed addition to the

floristic studies of the state.

In 1951 Prescott compiled an annotated list on the lichens of

Kentucky. The data was derived from his own collections, those of

others, and from previously published reports. His list contains 191

species, varieties and forms in 40 genera.

After several years of careful study of the algae in Kentucky,

Mclnteer in 1939 compiled a catalogue containing 568 forms. His

work is an intensive study of restricted areas, so further studies on

well placed stations throughout the state would be of value.

A number of county records are available. Some are rather com-

plete catalogues of vascular plants with keys for identification while

others are unannotated brief lists. The early plant surveys consist

mostly of simple published lists while the more recent and more com-

plete ones are unpublished Master's theses. Figure 1 shows the coun-

ties in which plant surveys have been made.

The earliest published county survey was a report in 1876 by

Hussey. He presented the names of 386 species from Barren and

Edmonson Counties. Mammoth Cave Park area occupies parts of

Barren and Edmonson Counties. Henry Lix, while a naturalist in

the Park, collected more than 700 species of vascular plants from the

area. His specimens are deposited in the Smithsonian Institution. The

writer has an herbarium from Edmonson County collected chiefly in

Mammoth Cave National Park.

A report on the plants from Franklin County was made by Wild-

berger in 1880. It consisted of two brief lists appearing in the Botan-

ical Gazette. The same year Linney (1880) contributed as part of

the Report of the Kentucky Geological Survey a catalogue of 442

species from Boyle and Mercer Counties. Two years later (1882)

the same author published on 682 species of vascular plants which he

observed in Madison, Lincoln, Garrard, Washington, and Marion

Counties. Sarah F. Price, a resident of Bowling Green, Kentucky,

compiled in 1893 a list of 714 vascular plants from Warren County.

Later she included enough species to bring the original count to 969.

At the same time (1893-94) Kearney published in two parts a cata-

logue on the flora of Harlan and Bell Counties.

No additional county surveys were attempted until 1918 when
Nelson published information on the habitats and abundance of 548

plants from Boone County. His survey did not cover the entire coun-

ty but was confined to a ten mile strip bordering the Ohio River.
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The first of the recent county surveys was made in Nelson County

by Sister Rose Agnes Greenwell (1935). Her Flora of Nelson County

represents the only published, well annotated manual with keys for

identification of a local county flora. It contains 19 species of pteri-

dophytes and 844 of spermatophytes, a total of 863. In 1943, E. Lucy

Braun listed specimens from Kenton and Campbell Counties de-

posited in the Lea Herbarium, University of Cincinnati.

Remaining county surveys of vascular plants, all annotated and

some with keys, are unpublished Master's theses. In the Library of

the University of Kentucky are the theses of Shacklette (1937) for

Union County, Rogers (1941) for McCreary County, and McFarland

(1946) for Jessamine County. Deposited in the Library of the Uni-

versity of Louisville is the thesis of Hoskinson which was completed

in 1951 for Meade County.

An early attempt to record the native plants in the environs of

Louisville was made by McMurtrie (1819). His catalogue contains

about 600 species and includes both vascular and non-vascular plants.

Some doubt has been cast upon the authenticity of his work. No
specimens have been found to attest the fact that he collected and

identified the plants, but regardless of opinions his catalogue must

stand as the first comprehensive listing of the plants in this area.

Not many county surveys in restricted fields have been made.

Seargent (1942) studied the aquatic seed plants of Jefferson County.

Her well annotated thesis with keys on 92 species is the first concen-

trated study of aquatic seed plants in any area of the state. Holbert

(1937) presented a well annotated list describing 25 ferns in Hardin

County, and Davies (1949) published Keys to the Ferns and Fern

Allies of Jefferson County.

More complete surveys are needed on all types of plants in the

counties where little collecting has been done. Figure 1 shows that

the county surveys have been concentrated in the central part of the

state and that these have been fairly well done. Along the Ohio

River reports are available for Union, Meade, Boone, Kenton and

Campbell Counties. Jefferson and Oldham will soon be done. Ad-
ditional county studies are necessary along the Ohio River, particu-

larly near the east and west ends of the state, and along the Missis-

sippi River. No county records are available for the Purchase area.

The varied habitats in this region may be expected to possess an in-

teresting flora. In the Pennyroyal, the plants of Christian County

were collected by Dr. C. W. Short, but were not published as a

separate list. His specimens are in The Academy of Natural Science
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at Philadelphia. As very little has been done along the Tennessee

border, several counties in this area should be carefully surveyed.

The eastern part of the Commonwealth has been badly neglected,

probably due to its mountainous terrain. Concentrated studies here

should yield some interesting types and valuable distribution records.

Surveys could be made by instructors and students in the various

colleges or high schools, nature organizations, or by individuals in-

terested in acquiring a botanical knowledge of a local area. Speci-

mens collected should be preserved at some college or some organiza-

tion in the area where collected, or in a central place such as the

University of Kentucky.

In the United States, and outside of the Commonwealth, collec-

tions of Kentucky plants of considerable importance are in herbaria

at the Catholic University of America (Langlois Herbarium), Cornell

University, Harvard University (Gray Herbarium), The Academy

of Natural Sciences in Philadelphia, Missouri Botanical Gardens, New
York Botanical Gardens, Smithsonian Institution, University of Cin-

cinnati (Lea Herbarium) and the Iowa State University. Smaller

collections exist elsewhere for many specimens have been collected

for private herbaria or sent as gifts or for exchange by numerous col-

lectors.

In our own state several herbaria are present. The Agricultural

Experiment Station at Lexington and the Biology Department at the

University of Louisville have the largest herbaria. Smaller collec-

tions of plants are to be found in most of the Kentucky colleges and

in a few private herbaria. Before state-wide, well annotated manuals

are completed, it will be necessary to study the Kentucky plants in

each of these herbaria.

There are more taxonomic publications which have information

on one or more Kentucky plants than were listed by Shacklette in his

Preliminary Bibliography of Kentucky Botany (1940) and the sup-

plement on the same subject (1941). Also numerous publications

have appeared since then. All species, varieties, forms, and hybrids

listed in each publication must be studied for correct nomenclature,

habitats, and distributions.
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Earth Heat Pump Research at the University of

Kentucky From October 31, 1950 to May 1, 1951

E. B. Penrod and J. M. 'Byrne*

Department of Mechanical Engineering, University

of Kentucky, Lexington, Kentucky.

Introduction

1 he present paper is one of a series on the performance of a Mar-

vair package heat pump, and covers the period of October 31, 1950

to May 1, 1951, during- which the pump was operated on a daily heat-

ing cycle from 6 p.m. to 6 a.m. This experimental earth heat pump,

shown with the instrument panel in Plate I, has been described pre-

viously (1, 2, 3). It was designed to absorb heat from water pumped
from a well and circulated through the evaporator of the unit when
the plant operated on the heating cycle. Since well water was not

available, an antifreeze was circulated through a ground coil and the

evaporator of the heat pump. The ground coil and the position of

thermocouples used to measure soil temperatures near it are shown

in Fig. 1 and Fig. 2.

The ground coil was buried at an average depth of about 4.5 ft.

and consists of an effective length of 489 ft. of one inch copper tubing.

Thermocouples were installed so temperatures could be measured at

the center of the copper tubing at stations 1 through 8. Also, thermo-

couples were so installed that soil temperatures could be measured

in the vicinity of stations 3 and 6. At about 27 ft. away from station

7 on the ground coil (Fig. 1) thermocouples were installed to measure

temperatures of the undisturbed soil at depths of 0, 2, 4, 5, 6, 8 and

10 ft,

Twelve-hour Heating Tests

Thirteen twelve-hour heating tests** were made at the beginning

and middle of each month during the heating season of 1950-1951

without disturbing the regular daily tests. In these tests a precision

potentiometer was used to determine the soil temperatures. Observed

and computed results from one of these tests are listed in Table I. The

following calculations were made to obtain an average heat balance

for the heat pump package unit.

* Department of Mechanical Engineering, University of Florida,
** The thirteen twelve-hour tests will be referred to as tests of short duration to dis-

tinguish them from the twelve-hour daily tests in which temperatures were obtained with
recording instruments.

Transactions of the Kentucky Academy of Science, 14 (2) : 59-72. May, 1953.
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STATION 3

EARTH'S SURFACE

STATION 6
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FlG. 2. Schematic diagram showing the location of thermocouples used to measure

the soil temperatures at stations 3 and 6.
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TABLE I

Observed and Computed Data Obtained from a Twelve-Hour Heating Test

of Short Duration, Made from 6:00 p.m., January 31, 1951 to 6:00 a.m.,

February 1, 1951.

Room air press 14.56 psia

Room air temp 70 . 8°F

Temp, of air entering heat pump, ti 76.0°F

Temp, of air leaving heat pump, t 94.5°F

Quantity of air heated 4,680 lb/hr

Speed of air in 18" duct 10.37 ft/sec

Antifreeze circulated 4,964 lb/hr

Speed of antifreeze in ground coil 3.7 ft/sec

Temp, of antifreeze leaving evaporator, ti 23.4°F

Temp, of antifreeze entering evaporator, t s 26.2°F

Avg. temp, of antifreeze at stations 2 thru 7 24.2°F

Soil temp. (6" below station 3) at depth of 6.1 ft 40.6°F

'Undisturbed soil temp, at depth of 6.1 ft 47.9°F

Freon—12 circulated 270 lb/hr

Discharge press 133 . 3 psia

Suction press 28.56 psia

Power supplied to 3-hp comp. motor 2.258 kw
Power supplied to J^-hp fan motor . 458 kw
Power supplied to M-hp pump motor . 758 kw
Compressor: Speed 707 rpm

Number of cylinders 4
Bore 2 1/8 inches

Stroke 1 3/4 inches

Piston displacement 10. 18 cu ft/min

Strength of the heat source 23.6 B/hr/ft

Efficiency of 3-hp motor and belt combination 72%
H E R for Carnot heat pump 6.04

HER for actual refrigeration cycle 5.07
H E R for the heat pump 2.54
H E R for the heat pump system 1 .65

Heating cost 17.8 kwhr/therm
Specific heat of air at constant press .24 B/lb/°F
Specific heat of the antifreeze 0.83 B/lb/°F

*At a distance of 27 ft. away from station 7 of the ground coil in the undisturbed soil (Fig. 1).

1. Heat power imparted to the air stream by the fan,

4680 X (10-37)
2

,

2 X 32.2 X 778
= 10 B/hr.

2. Refrigeration effect (See Table II and Fig. 3),

q = h 3 — h ! = 89.7 — 29.5,

= 60.2 B/lb.

3. Heat power to condenser,

4 q i = h4 — hi = 101.5 — 29.5,

= 72.0 B/lb.

4. Heat power given up during polytropic compression,

4 q 3 = % X (T3 + T4 ) X (S4 - S3 ),

= V2 (541.8 + 637.4) X (0.187 — 0.191),
= - 2.4 B/lb.
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TABLE II

Thermodynamic Properties of Freon-12 for the Refrigeration Cycle Shown
in Fig. 3.

Point No. 1 Point No. 3 Point No. 4

p, psia

t,°F
v, ft3/lb

133.3
93.0

29.5

28.56
81.8
1.63

89.7
0.191

133.3
177.4
0.386

h, B/lb
s, B/lb/°R

101.5
0.187

5. Work of compression using the steady flow equation,

3 W 4
ll3 +

89.7 -

J

3 W 4

+ 3 <1 4 = h
4 »

— 2.4 = 101.5,

= 14.2 B/lb.

6. Polytropic exponent,

. . log P 4 — log P 3

log V 3 — log V 4

= 1.07

log 133.3 log 28.56

log 1.63 — log 0.386

7. Work of compression using polytropic equation,

3 W 4 _ n (p 4 V4 — P 3 va)

J J (n - 1)

= 1.07 X 144 (133.3 X 0-386 - 28.56 X 1-63)

778 (1.07 — 1)

= 14.0 B/lb.

Power = 270 X 14.2 ,

= 3,830 B/hr.

8. Heat power delivered to air stream assuming all heat power to

condenser is transferred to the air,

Q = 270 X 72,

= 19,450 B/hr.

9. Heat power to air stream from data on air passing through the

heat pump package unit,

Q = 4,680 X 0.24 X (94.5 — 76.0),

= 20,800 B/hr.
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10. Heat power absorbed by Freon — 12 in the evaporator,

Q r: 270 X 60.2 ,

= 16,250 B/hr.

11. Capacity of refrigeration plant,

16,250 B/hr
q
_

12,000 B/hr/ton ~ 1,d& t0nS '

12. Theoretical horsepower of compressor,

3,830 B/hr
_

2,545 B/hr/hp ~ 1Dd *P '

13. Electric power supplied to,

compressor motor

:

2.258 X 3,413 = 7,700 B/hr,

fan motor

:

0.458 X 3,413 = 1,560 B/hr,

pump motor

:

0.758 X 3,413 = 2,580 B/hr,

Total: 3.474 kw 11,840 B/hr.

2 258
compressor motor :

'"_ X 100 =r 65.0%,

458
fan motor: J^X 100 = 13.2%,

3.474 '

758
pump motor: J47lX 10° = 2L8%

>

Total

:

100.0%.

14. Efficiency of compressor,

Freon — 12 drawn into cylinders = ^

—

'—
,

60

= 7.33 cu.ft./min.

7 33
Volumetric efficiency = —

—

X 100,
10.18

= 72.1% at 707 rpm.

15. Heat power absorbed from the earth by the antifreeze,

Q = 4,964 X 0.83 X (26.2 — 23.4),— 11,540 B/hr.

16. Total strength of the heat source (mean value),

1 1 ^40
S =^= 23-6B/hr/ft

17. Heat power given up by air stream to surroundings due to ra-

diation and convection from the heat pump package unit,
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Mean air temp. = Vz X (76 + 94.5) = 85.3°F,
Mean room temp. = 70.8°F,
Surface area at 94.5°F = 28 sq. ft.,

Surface area at 76°F = 32 sq. ft.,

Assume* hc +h r
— 1.65 B/hr./sq. ft./F.

Qr , c = 1.65 [28 X (94.5 — 70.8) + 32 (85.3 — 70.8)],
= 1,860 B/hr.

18. Heat power to air stream by fan and fan motor,

Q = 1,560 - 10,

Q = 1,550 B/hr.

29.5 89.7 101.5

ENTHALPY, B/LB

T.« 637.4* R

561° R

468°R

T3=54I.8°R

0.187 0.191

ENTROPY, B/LB/°R

Fig. 3. Kefrigeration cycle for a heating test of short duration made from 6
P.M., January 31, 1951 to 6 a.m., February 1, 1951.

* See page 123, ASHVE Guide (1949).
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CAL. NO. 17

QRC=-I 8 60 B/HR

HEAT POWER GIVEN

UP TO ROOM AIR

CAL. NO. 15

I 1540 B/HR

HEAT POWER-

FROM THE

EARTH

HEAT PUMP

PACKAGE

UNIT

CAL. NO. 19

I 8930 B/HR

HEAT POWER TO

AIR STREAM

7700 B/HR

HEAT POWER FROM

COMP. AND MOTOR

CAL. NO. 13

I 550 B/HR

HEAT POWER FROM
FAN AND MOTOR

CAL. NO. 18

Fig. 4. Heat power balance No. 1 for test of short duration, 6 p.m., January

31, to 6 a.m., February 1, 1951.

19. Heat power balance No. 1 — Net heat power to air stream,

*£ —— ^soil ~T~ ^Icomp. motor ~T" ^fan motor ^r,c

= 11,540 + 7,700 + 1,550 — 1,860,

= 18,930 B/hr. (see Fig. 4).

20. Heat power from compressor to Freon — 12,

Q = 270 X (101.5 — 89.7),

= 3,190 B/hr.

21. Heat power from motor-compressor combination to air stream,

Q =7,700 — 3,190,

= 4,510 B/hr.

22. Heat power from air stream to evaporator,

Q = 16,250 — 11,540,

= 4,710 B/hr.

23. Heat power balance No. 2 — Net heat power to air stream,

Q = 19,450 + 4,510 + 1,550 — 1,860 — 4,710,

= 18,940 B/hr. (see Fig. 5).
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CAL. NO. 18

15 50 D/HR
HEAT
POWER

DELIVERED^

TO AIR

STREAM

FAN
AND
MOTOR"—t—

CAL. NO. I

10 B/HR
HEAT POWER
TO SET
AIR IN

MOTION

1560 B/HR
INPUT TO FAN MOTOR

(HEAT POWER EQUIVALENT)
CAL. NO. 13

CAL. NO. 21

4510 B/HR
HEAT
POWER

DELIVERED
TO AIR

"*~

STREAM

COMPRESSOR
AND
MOTOR —

—

t

CAL.N0.20
3190 B/HR
HEAT
POWER
ABSORBED

BY
FRE0N-I2

7700 B/HR
INPUT TO COMP. MOTOR

(HEAT POWER EQUIVALENT)
CAL. NO. 13

CAL.N0.8
19450 B/HR
HEAT
POWER -

DELIVERED
TO AIR
STREAM

CONDENSER

CAL. NO.

8

19450 B/HR
HEAT
POWER
FROM
FREON-12

CAL NO. 10

16250 B/HR
HEAT
POWER -,

ABSORBED
BY

FREON-12

EVAPORATOR

CAL.N0.I5
11540 B/HR
HEAT
POWER
FROM

ANTIFREEZE

CAL. NO. 17

QRC=-I860 B/HR HEAT POWER
' GIVEN UP TO ROOM AIR

4710 B/HR
HEAT POWER FROM

AIR STREAM
CAL. NO. 22

AIR

CONDENSER EVAPORATOR
COMPRESSOR

AND
MOTOR

AIR

FAN
AND

MOTOR

V 94.5° F HEAT PUMP PACKAGE UNIT tf 7 6

+ 19450 B/HR - 4710 B/HR +4510 B/HR +1550 B/HR
CAL. NO. 8 CAL. NO. 22 CAL.NO. 21 CAL. NO. 18

Fig. 5. Heat power balance No. 2 for test of short duration, January 31, to
February 1, 1951.

24. Average heat power to air stream,

Q = y4 X (19,450 + 20,800 + 18,930 + 18,940),
= 19,530 B/hr.

25. Heating energy ratio for a Carnot heat pump operating between
the same boiling and condensing temperatures of the actual heat

pump,

T 2 561HER =
T 2

-

= 6.04.

T 561 — 468
(see Fig. 3),
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26. Heating energy ratio for the actual refrigeration cycle,

tt-t,,, h
4
— hi (see Table II and Fig. 3),

rirjix
h

4 - K
3 W 4

J
101.5 - 29.5

14.2

= 5.07.

27. Heating energy ratio of the heat pump,

Avg. heat power to air stream (Cal. 24)HER =
Heat equiv. of power to comp motor (Cal. 13)

:
'

19,530

7,700
= 2.54.

28. Actual heating energy ratio of the heat pump system,*

Tjrjj) Avg. heat power to air stream (Cal. 24)

Heat equiv. of power to heat pump system (Cal. 13)

19,530
~~

11,840

= 1.65.

29. Heating cost,

3.474 kw X 100,000 B/therm ,_ . . .
tJ ,

19530 B/hr
- = 17.8 kwhr/therm.

TABLE III

Monthly Temperatures and Heating Energy Ratios Obtained from Heating
Tests of Short Duration from October 31, 1950 to May 1, 1951. The Re-

sults for Each Month Are Average Values of Three Tests.

Month

*Temp. of

antifreeze

in ground
coil at

midnight,

°F

Soil temp, beneath
ground coil at

station 3, °F
Temp, of undis-

turbed soil, °F Heating energy ratios

Depth.f
6.1 ft.

Depth, t

7.1 ft.

Depth,
6.1 ft.

Depth,
7.1 ft.

Carnot
Refriger-

ation

cycle

Heat
pump

Heat
pump
system

November 26.6

17.4

20.5

23.2

19.8

21.8

57.7

48.3

41.6

39.0

41.7

44.9

60.8

53.3

45.4

42.2

45.0

47.0

62.1

55.3

49.4

46.5

46.7

47.9

62.5

56.7

51.0

47.8

47.4

48.0

5.50

5.28

5.75

5.89

5.73

5.90

4.77

4.54

4.89

5.16

4.97

4.83

2.01

1.92

2.28

2.47

2.35

2.38

1.53

1.44

1.53

1.60

1.51

1.53

Average 21.6 45.5 49.0 51.3 52.2 5.68 4.86 2.24 1.52

*Ayerage of readings taken at stations 2 through 7 (see Fig. 1).

fSoil temperatures 6" below center of the ground coil pipe.

jSoil temperatures 18" below center of the ground coil pipe.

For definitions see references 2, p. 86, and 4, pp. 101-2.
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TABLE IV
Calculated Results Obtained from Tests of Short Duration Made During

the Heating Season from October 31, 1950 to May 1, 1951.

Month
Strength
of heat
source,

B/hr/ft.

Heat ab-
sorbed

from earth,

B/hr.

Total heat
absorbed

from earth,

B

Heat de-

livered to

room air,

B/hr.

Heat de-

livered to

room air,

B

Heating
cost,

kwhr/
therm.

November
December
January
February
March

28.6
25.2
22.7
22.1
19.9
20.2

13,990
12,330
11,120
10,810
9,560
9,900

5,036,400
4,586,760
4,136,640
3,632,160
3,556,320
3,564,000

20,070
23,790
20,150
18,850
17,430
17,920

7,225,200
8,849,880
7,495,800
6,333,600
6,483,960
6,451,200

19.25
20.37
19.30
18.33
19.40

April 19.27

Total 24,512,280 42,839,640

Average 23.1 11,285 4,085,380 19,700 7,139,940 19.32

Tables III and IV give average results obtained from the heating

tests of short duration. The performance of the heat pump can easily

be predicted from these results.

Temperatures of the undisturbed soil at various depths are listed

in Table V. (See also reference (5)).

TABLE V
Soil Temperatures at about 27 Feet away from Station 7 of the Ground
Coil, Fig. 3. The Temperature of the Soil at This Location Was Not Af-
fected by the Abstraction of Heat from the Earth Surrounding the

Ground Coil.*

Depth, ft. 2 4 6 8 10

November
December
January
February
March
April

44.7°F
33.9
32.0
38.4
37.4
47.5

55.1°F
43.9
40.2
40.6
42.0
47.1

60.2°F
51.2
45.6
43.9
44.2
46.4

62.1°F
55.2
49.3
46.4
46.1
47.4

63.0°F
58.0
52.4
49.1
48.3
48.7

63.3°F
59.9
55.3
51.8
50.5
50.3

'Average values obtained from readings taken at the beginning, middle and end of each month.

Daily Heating Tests

From October 31, 1950 to May 1, 1951 the heat pump operated

intermittently on the heating cycle from 6 p.m. to 6 a.m. Air and

soil temperatures were obtained by the use of recording instruments.

Some of the results from the daily tests are listed in Table VI.

Graphical presentation of heat pump data and results for the entire

heating season are shown in Fig. 6.
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TABLE VI

Eesults Obtained by Operating the Heat Pump Daily from 6:00 p.m. to
6:00 a.m. on the Heating Cycle from October 31, 1950 to May 1, 1951.

Month
Rainfall, inches*

Strength
of heat

source,

B/hr./ft.

Heat
absorbed

from earth,

B

Heat
delivered

to room
air.B

Heat equiv.

of electric

energy
supplied to

heat pump
system, B.

H.E.R.
for heat

pump
system

Heating

Normal Actual
cost,

kwhr./
therm.

November

December

Januaryt

February

March

April

3.34

3.77

4. IS

3.62

4.32

3.50

5.04

1.83

11.15

3.64

4.96

2.49

30.2

24.5

24.1

22.7

20.7

20.8

5,310,000

4,310,000

4,360,000

3,730,000

3,780,000

3,650,000

9,727,000

9,106,560

8,6S0,000

6,830,000

7,168,000

6,950,000

6,125,000

5,900,000

6,190,000

3,960,000

4,350,000

4,210,000

1.54

1.49

1.40

1.73

1.65

1.55

19.0

19.4

19.3

17.0

17.7

17.8

Total 22.73 29.11 25,140,000 48,461,760 30,750,000

Average 3.79 4.85 23.83 4,190,000 8,077,000 5,122,500 1.56 18.4

*U. S. Weather Bureau Station, Blue Grass Airport, Lexington, Kentucky.
fFrom January through April the heat delivered to the room air was determined by adding the heat equivalent of

the electric energy supplied to the compressor and fan motors to the heat absorbed from the earth.

Conclusions

1. The average values of the condensing and boiling tempera-

tures of the refrigerant (F-12) for the entire season were found to

be 102.6°F and 4.1°F respectively.

2. The average value of the antifreeze temperature, at midnight,

was found to be 21.6°F for the season.

3. The average soil temperatures beneath the ground coil at

depths of 6.1 ft. and 7.1 ft. (6" and 18" below the pipe at station 3)

were found to be 45.5°F and 49.0°F and those at a corresponding

depth in the undisturbed soil were 51.3°F and 52.2°F.

4. The average heating energy ratio for the actual refrigeration

cycle and a corresponding Carnot cycle were 4.86 and 5.68 respec-

tively.

5. The heating energy ratio of the heat pump and the heat pump
system were 2.24 and 1.52 as obtained from the short duration tests.

6. The actual rainfall during the heating season was 29.11 inches

and the normal for the same period is 22.73.

7. The capacity of the refrigeration plant decreased from 1.62

to 1.23 tons from October to May.

8. From Table VII it may be seen that the results obtained in

short duration tests compare favorably with those obtained in the

daily tests:
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TABLE VII

Comparison of Short Duration Tests with Daily Tests.

Short duration
tests Daily tests

Total heat absorbed from the earth, B . .

Total heat delivered to the room air, B.

.

Average strength of heat source, B/hr/ft
Average HER for heat pump system . .

Average heating cost, kwhr/therm

24,512,280
42,839,640

23.1
1.52

19.32

25,140,000
48,461,760

23.83
1.56

18.4
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Preliminary Report on the Performance of the

University of Kentucky Heat Pump No. 1

E. B. Penrod, Mere Baker and A. M. Levy
Department of Mechanical Engineering

University of Kentucky, Lexington, Kentucky

Introduction

jT rom 2 p.m. to 4 p.m., October 10, 1952, a preliminary test was

made on a new heat pump which was designed and built in the

mechanical engineering laboratory of the University of Kentucky.

The new heat pump is known as the University of Kentucky Heat

Pump No. 1. It replaced the Marvair Packaged Heat Pump which

was used for earth heat pump research at the University of Kentucky

since March 1949, although the ground coil and instrument panel of

the former system were used in the construction of the new plant.

However, a speedomax temperature recorder was substituted for the

Brown instrument. 1

The essential parts of the new experimental heat pump are a four-

cylinder, air-cooled reciprocating compressor driven by a three phase,

5-horse-power electric motor ; a fan driven by a three phase, 3/4-horse-

power electric motor ; a finned freon-to-air coil ; a freon-to-antifreeze

heat exchanger; two expansion valves, one for heating and the other

for cooling; and a centrifugal pump driven by a three phase, %-
horsepower electric motor. All but the last two mentioned items

are contained in a cabinet made of masonite and plexiglass. The

three electric motors are serviced by a 220 volt, 60 cycle line. The

heat pump is changed from a heating to a cooling machine by means

of five globe valves. Freon-12 is used as the refrigerant, and a pres-

tone solution is used as the antifreeze.

The capacity of the refrigeration plant can be changed by re-

placing the sheave on the compressor motor with another one of a

different diameter. Plate I is a photograph of the University of

Kentucky Heat Pump No. 1 which was taken when the plant was

under construction.

The air to be heated or cooled is drawn through filters (to the rear

of the coil next to E, Plate I) near the top of the cabinet. It flows

1 For a description of the Marvair heat pump, the instrument panel and ground coil,

see references (1) and (2).

Transactions of the Kentucky Academy of Science, 14 (2): 73-77. May, 1953.
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through a temperature traverse of 36 shielded thermocouples at en-

trance and another of 48 shielded thermocouples at exit. The quan-

tity of air flow can be regulated by means of a damper at the fan

inlet. Provisions were made so that the air to be cooled can be made

to by-pass the compressor motor combination if desired.

Performance of University of Kentucky Heat Pump No. 1

The principal results obtained from a preliminary test made on

the University of Kentucky Heat Pump No. 1, on October 10, 1952

TABLE I

Comparative Performance of a Marvair Heat Pump and the University of
Kentucky Heat Pump No. 1.

Marvair
Heat Pump

University
of Kentucky
Heat Pump

No. 1

Date
Duration of test, hours
Room press., psia

Discharge press., psia

Suction press., psia

Compressor : Speed, rpm
No. of cyl

Bore, inches

Stroke, inches

Vol.eff., %
Total piston disp., cfm
Comp. motor power, kw
Fan motor power, kw
Pump motor power, kw
Eff, motor & belt comb., %
Room temp., °F
Temp, of air entering heat pump, °F
Temp, of air leaving heat pump, °F
Air circulated, cfm
Heat delivered to air, B/hr
Temp, of antifreeze entering ground coil, °F. . .

.

Temp, of antifreeze leaving ground coil, °F
Increase of antifreeze temp., °F
Avg. temp, of antifreeze (Stations 2 thru 7), °F.

Soil temp. (6" below Station 3) at depth of 6.1

ft., °F
Undisturbed soil temp, at depth of 6.1 ft., °F. .

.

Antifreeze circulated, lb/hr
Strength of heat source, B/hr/ ft

Heat absorbed from earth, B/hr
Capacity of refrigeration plant, tons
HER, Carnot heat pump
HER, refrigeration cycle

HER , heat pump
HER, heat pump system
Heating cost, kwhr/therm

June 13, '49

1

14.3
139.8
30.1
1,080
4

2 1/8
13/4
51.9
15.52
3.00
0.50
0.75
69
82.0
82.6
100.6
1,340

23,800
30.0
33.0
3.0
30.9

53.0

4,970
25.3

12,380
1.69
6.4
5.5
2.3
1.6

18.1

Nov. 2-3, '50

12
14.2

139.4
26.7
1,110
4

2 1/8
13/4
64.1
15.94
3.90
0.50
0.792
63
72.5
75.3
98.9
1,240

28,160
29.4
33.0
3.6
30.4

61.5
64.5
5,060
31.1

15,200
1.73
5.7
4.9
2.1
1.6

18.5

Oct. 10

2
14.2

151.7
35.8
280
4

3 1/4
2 1/4
86
12.1
2.85
0.40
0.35

81
78.5
79.2
107.1
1,170

35,870
31.6
36.5
4.9
33.0

65.8
65.8
3,115
25.8

12,650
2.3
6.3
5.1
3.7
2.9
10.0

'52



Plate I. A photograph of the University of Kentucky Beat Pump No. 1. The

plant was under construction when the picture was taken. Legend: A, refrigera-

tion compressor; B, 5-hp electric motor; C, solenoid valve; E, expansion valve

for cooling cycle; F, high and low pressure cut-out; G, II, I, K, change over

valves; U, expansion valve for heating cycle; A", freon-to-antifreeze concentric

tube heat exchanger. The air-to-freon heat exchanger is back of /•-.', and the fan

and its driving motor is just beneath the air-to-freon coil. The antifreeze cir-

culating pump and its driving motor are in a pit below the main portion of the

heat pump.
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are listed in the third column of Table I. This test was made at a

time when the temperature of the soil at a depth of 6.1 ft was 65.8°F.

In order to compare the performance of the new heat pump with the

one used previously, test data on the Marvair unit are listed in the

first and second columns of Table I.

The freon compressor was designed to operate at speeds varying

from 260 to 425 rpm. During this test the compressor operated at

280 rpm. At this speed 518 lbs of freon were circulated through the

refrigeration system each hour. At higher compressor speeds the

quantity of freon circulated exceeded the capacity of the rotameter

used to measure the rate of flow. The volumetric efficiency of the

compressor at this speed was found to be 86%.

The electric power supplied to the compressor motor of the Uni-

versity of Kentucky Heat Pump No. 1 was 1.24 kw per ton of refrig-

eration produced. When a 3-hp electric motor was used, June 13,

1949, the electric power supplied to the compressor of the Marvair

heat pump was 1.77 kw per ton, and 2.25 kw per ton when a 5-hp

motor was used in the test made November 2-3, 1950. The Marvair

unit was equipped with single phase motors and an inefficient com-

pressor. An efficient compressor and three phase electric motors

were used in building the University of Kentucky heat pump.

The heating energy ratios of the University of Kentucky heat

pump and heat pump system were 68.2% and 81.2% respectively,

better than the corresponding values found for the Marvair unit. 1

The heating cost for the Marvair unit was 83% higher than that for

the new heat pump.

Conclusions

1. The results obtained from the preliminary test made on the

University of Kentucky Heat Pump No. 1 clearly indicates that an

efficient heat pump can be built from standard refrigeration and air

conditioning equipment.

2. The heating energy ratios of the University of Kentucky Heat

Pump No. 1 and a similar Carnot heat pump were found to be 3.7

and 6.3 respectively. The heating energy ratio of the former is 58.73

per cent of the latter.

3. The heating cost is 10.0 kilowatt-hours per therm (a therm is

equivalent to 100,000 British thermal units). In other words the heat-

ing cost of the University of Kentucky Heat Pump No. 1 is 54.64

per cent of that for the Marvair heat pump.
1 The Marvair heat pump package unit was built soon after the close of World War II

when it was very difficult to obtain suitable equipment.



76 E. B. Penrod, Merl Baker, and A. M. Levy

4. The capacity of the refrigeration plant was 2.3 tons for con-

densing and boiling temperatures of Freon-12 of 110°F and 20°F

respectively and a compressor speed of 280 rpm.

5. The strength of the heat source was found to be 25.8 B/hr/ft

when the temperature of the antifreeze in the ground coil was 33°F

and the temperature of the soil 6 inches below the ground coil was

65.8°F.

6. The rate of absorbing heat from the earth was 12,650 B/hr.

7. Heat was delivered to the room air at the rate of 35,870 B/hr.

8. The soil surrounding the ground coil falls in the general Casa-

grande classification of lean clay. Analysis of a sample of the soil

at station 3 showed that about 60% of its grains are in the size gen-

erally termed clay, and less than 30% of the sample is silt. The

liquid limit of the sample is 43.4% and its corresponding plasticity

index is 16.1%. The bulk density of the dry soil is 103.4 lb/cu ft.

The specific heat of the dry soil was found to be 0.204 and 0.196

B/lb/F by use of a calorimeter and by transient heat flow method

respectively. The average value of the thermal diffusivity of the

soil was determined by the use of the heat pump on March 1949 and

found to be 0.019 ft2/hr at a time when the soil density was 120 lb/cu.

ft (3). It should be kept in mind that the value of the strength of

the heat source depends upon the properties of the soil, the tempera-

ture of the freon boiling in the evaporator and over-all efficiency of

the refrigeration plant.

9. The energy supplied to the circulating fan of stoker-, gas-, and

oil-fired domestic furnaces of the forced-air type is neglected in cal-

culating their efficiencies. If this is done in calculating the heating

energy ratio of the University of Kentucky Heat Pump No. 1 the

value for the system is 3.3 instead of 2.9 listed in Table I.

10. A similar direct expansion heat pump would have a heating

energy ratio of 3.7 since a circulating pump would not be required,

and provided the energy supplied to the circulating fan is neglected,

as is the practice when testing stoker-, gas-, and oil-fired furnaces of

the forced air type.

11. Comparative heating costs: One pound of coal (12,000 B/lb)

burned in a boiler of a modern steam power plant and converted into

electric energy at an efficiency of 24.4% would result in 2,928 B
(0.856 kwhr) available at the terminal of the electric generator. As-

sume a 20% loss between the generator and a house, 2,342 B would
be available for direct electrical heating for each pound of coal
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burned. On the other hand the 2,342 B (0.686 kwhr) of electric

energy supplied to a domestic heat pump system having a H.E.R.

of 3.33 would result in 7,800 B (3.33 X 2,342) per pound of coal

burned at the power plant available for heating the house. One
pound of the same coal burned in a good stoker-fire furnace at an

efficiency of 65% in a house, would result in 0.65 X 12,000 or 7,800 B
available for heating. On this basis of comparison the heat pump
system will deliver as much heat per pound of coal burned as a stoker-

fired furnace. 1 Thus it can be seen that the University of Kentucky

Heat Pump No. 1 can compete favorably with a good stoker-fired

domestic furnace. Since it is an earth heat pump there is no dif-

ficulty with frosting of coils. A house can be heated or cooled with

the same equipment.
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Controlled Electric Water Heating for

Residential Application

C. W. Haggard

Kentucky Utilities Company, Lexington, Kentucky.

JTIeating water for household purposes by electric resistance ele-

ments has become a generally accepted practice. The electric water

heater is the one appliance where electricity may be converted to and

stored in the form of heat available at any time in the form of hot

water. As such, it lends itself to flexible arrangements as to size of

tank, size of heating elements and permitted hours of charging auto-

matically.

In the early development of electric water heating, the procedures

were generally instigated according to the problems encountered by

each operating utility in adopting the idea of using electricity as a

heat source for heating water, and without consideration toward any

kind of standardization. After a plan was adopted by a utility, little

or no effort to further coordinated standardization was made until the

saturation of heaters on the system attained sufficient magnitude to

create distribution or economic problems for the utility.

Storage type tanks, generally ranging from 30 gallons upward,

are electrically heated by one or two heating elements; one being

located at the bottom of the tank and capable of heating all the water

and a second element where used being located so as to heat the upper

25% of the water in the tank. Usually the upper element has greater

wattage than the lower one and is used as a booster to assure a more

rapid rate of recovery for the portion it heats. Each heating element

is controlled by an individual thermostat with one or both of the ele-

ments being further subject to controlled hours of operation through

a time switch or other appropriate means at the discretion of the

utility.

Present practices reveal that there are yet a number of schemes

in use by individual utility companies where the electrical circuit to

the heater is such that heating elements may be operated indepen-

dently but not simultaneously, or independently but with provision

for parallel operation. One or both elements may be subject to time

control with manual or fully automatic control of the upper element,

Transactions of the Kentucky Academy of Science, 14 (2) : 78-80. May, 1953.
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and with various numbers of charging hours during various periods

of the day.

It cannot be argued that any one plan is universally applicable

and a complete solution in all cases. Any water heating policy is

usually a compromise of several admissible variables. Since there

are several variables, we may encounter some extremes. On one ex-

treme the heating element may be large enough in capacity and the

tank of such small size that water is heated only as used, that is, more

or less instantaneously. In such a case the individual customer's

demand may be several kilowatts but diversity between customers is

relatively high. The customer's investment would be a minimum, but

the utility's investment to serve an individual customer would be

maximum. On the other extreme, the tank may be large enough to

supply the customer's daily use through storage reserve and the heat-

ing element wattage only large enough to heat the daily gallonage

required when operated continuously. This creates a much higher

initial investment by the customer but a lower, although not neces-

sarily minimum, investment by the utility since this involves addi-

tional peak load.

By slight and proportionate increases in the heating element watt-

age, the same amount of water may be heated during a 24-hour period

but with the electric service supplied to the heating element con-

trolled or limited to certain off-peak hours during the day.

The tank size, although basically a function of family needs for

hot water, is also related to the heating element wattage, which is a

function of permissible charging hours as related to the system load

characteristics of the utility and the saturation potentials of water

heating.

As the electric water heater is generally located in the basement

or utility room, out of sight from the regular living quarters, the
'

' pride of ownership '

' element is not an important factor ; hence com-

petitive costs of heating water with gas, oil or other acceptable fuels

are an important factor in the customer's mind. Therefore, the initial

and operating costs of electric water heaters should be reasonably

comparable with other types of heaters when all factors are properly

evaluated and correlated.

Obviously with these interrelated variables any plan adopted by

the utility will be a function of the emphasis placed on any one or

more variables by the individuals involved, including economic, com-

mercial and engineering: considerations.
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As a utility's annual costs incident to investment in all facilities

required to serve a home vary from 50% to 75% or more of the total

cost to serve, it is apparent a utility must exercise its best judgment

i-i selection of a water heating program to minimize this component

of cost in order to justify the necessarily low competitive rate for

water heating. Thus the idea of "off peak" or "controlled" opera-

tion gains recognition as a basic element to keep the water heating

load "off peak"—off the generation, transmission and distribution

peaks if the maximum saving in investment costs to the utility for

this service is to be realized. Here the characteristics of the individ-

ual utility's system load curve and its components become a factor.

Where loads served comprise residential, commercial and industrial

service in the usual ratios, the utility generally experiences an after-

noon winter peak. Some utilities may have a dominant morning

peak. In all cases a so-called peak period usually occurs although

this may include both a morning and an afternoon period. The total

hours of off-peak period which control the charging hours are prob-

ably more important than the time of occurrence.

The potential saturation of water heaters requires careful con-

sideration. Whatever saturation of water heaters is considered to be

attainable for a particular utility will have an effect on the duration

of the "off-peak" charging period, since saturation means load, and
sufficient increment in off-peak load may create peaks. Saturation

is measured in number of tank units; therefore the size of heating

elements in each tank is also a factor for consideration. Saturation

multiplied by wattage equals total demand (disregarding diversity)

of the water heating load.

Therefore, any water heating program must consider the com-

petitive position of tank sizes as to initial cost and saturation, unit

wattage, and charging hours in relation to system characteristics. A
program must be properly balanced between these variables to yield

the best over-all results to the utility and customer.

Received 11 February 1953.
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EDITORIAL
We would direct attention of all members to the fact that papers for

publication may be submitted at any time and that the acceptance of papers

for publication is completely independent of their presentation at Academy
meetings. It is required neither that papers given at meetings shall be of-

fered to the Transactions nor that papers submitted for consideration of

publication shall be given at a meeting.

The Transactions now are being published quarterly and will be issued,

when possible, in the months of February, May, August, and November.

Since each issue goes to press approximately two months before the date

of issue, a minimum of three to four months may be expected to lapse be-

tween the initial receipt of a manuscript and the date of its publication.

Announcements and notes which require no reviewing may be printed more
promptly if space permits.

Since manuscripts not in the proper form must be returned to the author

for rewriting, all contributors are urged to follow the instructions set forth

on the third cover page of the Transactions. The Editors are grateful for

the generous cooperation they have received from authors in the past in all

matters of editorial detail.

CALENDAR OF SCIENTIFIC MEETINGS
(Notice of future meetings of any scientific organization, whether affiliated

with the Kentucky Academy of Science or not, may be inserted in this column,
provided that (a) the meeting place is in Kentucky or an adjacent state, (b)

the meeting is of state-wide rather than of only local interest, and (c) proper

advance notification is forwarded to the Transactions. It is desirable! to in-

clude the name and address of an individual from whom additional information
may be secured.)

May 14-16. Geological Society of Kentucky, Spring Field Conference.

Natural Bridge State Park, Kentucky. (Miss Mary Beth McFarlan, Secre-

tary-Treasurer, University of Kentucky.)

June 14-18. American Society of Medical Technologists, 1953 Annual

Convention. Louisville, Kentucky; headquarters in the Brown Hotel. The

technical program will be held on June 17 (all day) and the morning of

June 18. (Sister Mary Simeonette Savage, Nazareth College, Louisville,

Kentucky.)

October 9-11. Kentucky Ornithological Society, Annual Fall Meeting.

Cumberland Falls State Park, Kentucky. (Mrs. S. Charles Thacher, Secre-

tary-Treasurer, 2918 Brownsboro Road, Louisville, Ky.)

October 30-31. Kentucky Academy of Science, Thirty-ninth Annual

Meeting. Lexington, University of Kentucky.

Received 10 October 1952.
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THE 1953 SPRING MEETING

The Kentucky Academy of Science held the spring meeting for 1953 in

Ashland, Kentucky, May 1 and 2. Members attending came from the Uni-

versity of Kentucky, the University of Louisville, Eastern Kentucky State

College, Morehead State College, Berea College, Georgetown College, high

schools in Fort Thomas and Perry County, and the State Department of

Highways.

The relation of science and industry constituted the theme of the two-day

program. As is customary in the spring meetings, field trips were an im-

portant part of the activities; however, contrary to recent custom, the

"plants" visited were not botanical but industrial. Dean Newell L. Gates

of Ashland Junior College arranged the trips.

The Armco Steel Corporation, the Ashland Oil and Refining Company,

and the Semet Solvay Corporation were exceedingly hospitable and provided

guides who conducted the Academy groups through their plants. At the

division of Armco Steel Corporation located in Ashland, the open hearth

furnaces, soaking pits, rolling mills, hospital, and other departments were

visited. Refinery No. 2 of the Ashland Oil and Refining Company is located

about two and a half miles from Catlettsburg. Here the visitors saw re-

search laboratories as well as innumerable pipes, pumps, and tanks of the

refinery. At Semet Solvay, across the river from Ashland in Ironton, Ohio,

the K.A.S. visited the coke ovens and plant for the recovery of ammonia
and other coal gases.

Dr. Thomas C. Herndon, President of the Kentucky Academy of Science,

presided at the banquet at the Henry Clay Hotel, and Dean Gates of Ash-

land Junior College introduced the speakers. The Ashland Junior College

Chorus gave a musical program.

Dr. Harold G. Houlton, a chemist who is Coordinator of New Products

with the Ashland Oil and Refining Company, entitled his address, "The South

Is Important in the Chemical Industry." Inasmuch as the South is the chief

source of materials used in industrial chemistry—e.g. petroleum, the source

of the various petro-chemicals used in synthetic rubber, paint, synthetic

fibers, and numerous other products—many chemical plants are located in

the South.

Mr. Frank Fisher, Chief Geologist of the Ashland Oil and Refining Com-
pany, spoke on "The Role of Geology in the Discovery and Production of

Petroleum." He emphasized the importance of finding deep-seated anti-

clines where oil may be trapped as well as anticlines recognizable at the

surface. He showed maps of subsurface structure, maps of drillings, and
samples of oil-bearing rocks from drill-cores.

Mary E. Wharton, Secretary.
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THE PUBLICATIONS FUND
Contributions to the publications fund of the Academy have been made

by the following:

S. G. Bandeen J. S. Horine

Alfred Brauer Margaret Hotchkiss

Billie Joe Caudill M. F. Johnson

Mary Benedict Clark Sydney E. Johnson

W. A. Corpe P. E. Karraker

O. F. Edwards Harvey Lovell

Ernest N. Fergus Earle P. Slone

T. E. Field D. V. Terrell

Elva Goodhue Raymond Thornton

R. B. Hayes William F. Wagner
Mrs. Amanda Henry Richard S. Wiley

Thomas C. Herndon Charles W. Williams

NOTE TO HERPETOLOGICAL COLLECTORS

It is possible, in effect, for reptile collectors to donate surplus living

specimens to the treasury of the Kentucky Academy of Science! This has

been made possible by an offer from Mr. Richard F. Dooley, director of

the Kentucky Reptile Gardens, Park City, Kentucky, to purchase such speci-

mens and to remit their value to the treasurer of the Academy. If you are

interested in assisting the Academy in this manner, you may contact Mr.

Dooley for further details.



Constitution of the Kentucky Academy
of Science

Adopted November 26, 1951

Article I.

Section 1. This organization shall be known as the Kentucky Academy of

Science.

Section 2. The object of this Academy shall be to encourage scientific research,

to promote the diffusion of scientific knowledge, and to unify the scien-

tific interests of the Commonwealth of Kentucky.

Article II.

Section 1. The membership of this Academy shall consist of Active Members,
Life Members, Honorary Members, Emeritus Members, and Sustaining

Members.

Section 2. Active Members shall be individuals who are interested in science

and in the objectives of the Academy. Active Members shall consist of

two classes, National and Local. National Members are members of the

Academy and of the American Association for the Advancement of
Science; Local Members are members of the Academy but not of the

Association. Each Active Member shall pay to the Academy annual dues
as prescribed in the By-Laws. Life Members shall be Active Members
who have paid at one time a suitable sum, as prescribed in the By-Laws,
and are therefore relieved from payment of Dues.

Section 3. Honorary Members shall be persons who have acquired National or

International renown in science. They shall enjoy all the privileges of
Membership except holding office and shall be free from all dues. The
number of Honorary members shall not exceed 20 at any time.

Section 4. Emeritus Members shall be members who have retired from active

service, and who petition the Executive Committee for this change in

classification. They shall enjoy all the privileges of membership except
holding office, and shall be released from payment of dues.

Section 5. Sustaining Members shall be Educational or Industrial Institutions,

or Departments of such Institutions, or Individuals interested in the pro-
motion and advancement of science, and who are in sympathy with the
objectives of the Kentucky Academy of Science.

Section 6. For election to any class of membership the candidate must be
nominated in writing by an Active Member, must have paid the first

year's dues, must be approved by the Membership Committee, and must
receive a three-fourths vote of the members of the Academy present at
any session, or an unanimous vote of the members of the Executive Com-
mittee present or voting by letter.

Article III.

Section 1. The officers of the Academy shall consist of a President, President-
elect, Vice-President, Secretary, Treasurer, and Bepresentative to the
Council of the American Association for the Advancement of Science.

Section 2. The officers, except the President and the Bepresentative to the
Council of the American Association for Advancement of Science, shall

be elected annually at the fall meeting. The Bepresentative to the Council
of the American Association for the Advancement of Science shall be
elected biennially, and must be a fellow of the American Association for

the Advancement of Science. The President shall appoint a nominating

Transactions of the Kentucky Academy of Science, 14 (2): 84-87. May, 1953.
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committee of three members to present nominations for all officers to be
elected. Nominations may also be made from the floor. The candidate re-

ceiving the majority of the votes cast shall be declared elected.

Section 3. The President-elect shall succeed the retiring President. In case

he is unable to assume office, a President shall be elected at the fall meet-

ing.

Section 4. The elected officers shall take office at the close of the fall meeting
and shall hold office until their successors have been elected.

Article IV.

Section 1. The President shall discharge the usual duties of a presiding officer

at all General Meetings of the Academy, the Executive Committee and
the Council. He shall keep himself constantly informed on the affairs

of the Academy and on its acts and those of its officers and he shall cause
the provisions of the Constitution and By-Laws to be faithfully carried

into effect.

Section 2. The Vice-President shall assume the duties of the President in case

of his absence (or disability) from the general meetings of the Academy
or the Executive Committee.

Section 3. The Secretary shall keep the records of the proceedings of the Acad-
emy and the Executive Committee. He shall maintain a complete list of

the Members of the Academy with the dates of their election to the dif-

ferent classes of membership and their separation from the Academy. He
shall keep copies of the Constitution for distribution to new officers, and
to any other member on request. He shall co-operate with the President
in attending to the ordinary affairs of the Academy, and shall have charge
of the preparation, printing, and mailing of circulars, blanks, and an-

nouncements of meeting.

Section 4. The Treasurer shall have the custody of all the funds of the Academy.
He may, at his discretion, deposit the funds in a bank (which is a member
of the Federal Insurance Deposit Corporation), but he shall not invest

them without authority of the Executive Committee and Board of Direc-

tors. He shall keep an account of receipts and disbursements in detail,

and these accounts shall be audited as hereinafter provided in the By-
Laws.

Article V.

Section 1. The Executive Committee shall consist of the President, President-

elect, Vice-President, Secretary, Treasurer, the immediate Past Presi-

dent, the Editor of the Transactions, the Representative to the Coun-
cil of the American Association for the Advancement of Science, and the

Chairman of the Junior Academy.

Section 2. The Executive Committee shall direct the affairs of the Academy
during intervals between the various sessions of the organization, except
those duties assigned to the Council, and shall fill vacancies.

Section 3. The first meeting of the New Executive Committee shall be held

immediately after the adjournment of the fall meeting of the Academy.

Article VI.

Section 1. Sections of the Academy shall be organized to represent the various

fields of science.

Section 2. Any scientific organization in the Commonwealth of Kentucky in a
field of science recognized by the American Association for the Advance-
ment of Science may affiliate as a section of the Kentucky Academy of

Science.

Section 3. The establishment of sections shall be approved by the Executive
Committee, and by a % vote of the members voting at a regular meeting
of the Academy.

Section 4. Each section shall elect annually a chairman and a secretary.
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Article VII.

Section 1. The Council shall consist of the Executive Committee and the Chair-

man of each section of the Academy.

Section 2. Members of the Council shall serve as the Program Committee for

the meetings of the Academy and shall otherwise promote its welfare sub-

ject to the call of the President.

Article VIII.

Section 1. There shall be four standing committees, namely:
A Committee on Membership, consisting of at least three members

appointed by the President.

A Committee on Publications, consisting of the President, the Editor
of the Transactions, and a member appointed by the President.

A Committee on Legislation, consisting of three members appointed

by the President.

A Committee on Distribution of Eesearch Funds, consisting of three

members appointed by the President.

Article IX.

Section 1. The fall and spring meetings of the Kentucky Academy of Science
shall be held at such time and place as the Executive Committee may se-

lect. Special sessions may be called by the Executive Committee, or by
the Secretary of the Academy upon the written request of twenty active

members of the Academy.

Article X.

Section 1. The Academy shall publish the Transactions of the Kentucky
Academy of Science and other publications with the approval of the
Executive Committee.

Section 2. Each member in good standing, and each club in the Junior Academy,
shall receive the Transactions, gratis.

Section 3. The President shall appoint the Editor and the Associate Editors of
the Transactions, subject to the approval of the Executive Committee.
They shall be Active Members and residents of Kentucky. One Associate
Editor shall be appointed from each section of the Academy.

Article XI.

Section 1. There shall be a Board of Directors consisting of eight members.
Section 2. Two members shall be elected at each fall meeting for the full

term of four-years. In said board shall be vested and by said board shall
be exercised all of the ordinary and appropriate corporate powers and
functions of the Academy. Said board shall annually choose from their
members a Chairman and a Secretary to act as such respectively until
their successors are elected.

Section 3. A record of the activities of the Board of Directors shall be sub-
mitted to the Academy at each fall meeting or whenever called for by the
President of the Academy.

Article XII.
Section 1. The Kentucky Junior Academy of Science shall be a division of the

Kentucky Academy of Science.

Section 2. The President of the Academy shall appoint three active members
of the Kentucky Academy of Science to the governing committee of the
Junior Academy. He shall designate one of these as Chairman.

Section 3.
_
The Chairman of the governing committee shall be director of the

affairs of the Junior Academy.
Section 4. The governing committee shall designate one of its members as

Treasurer of the Junior Academy. All dues paid to and contributions to
the Junior Academy shall be deposited with him.
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Section 5. No bill against the Junior Academy shall be paid unless it has been
signed by the Chairman of the governing committee or its payment has
been authorized by the governing committee as a whole.

Section 6. The accounts of the Treasurer of the Junior Academy shall be audited
annually by a Committee of two members, one to be appointed by the
President of the Kentucky Academy of Science and one to be appointed
by the Chairman of the governing committee.

Section 7. The Chairman of the governing committee shall make an annual
report to the Kentucky Academy of Science. This report shall include
a report on the finances of the Junior Academy as prepared by its Treas-
urer.

Section 8. The Junior Academy shall operate under a constitution approved
by the Kentucky Academy of Science. All revisions of the Junior Acad-
emy constitution shall be referred to the fall meeting of the Senior
Academy for approval.

Article XIII.

Section 1. The Constitution of the Kentucky Academy of Science may be
amended at any regular meeting by a three-fourths vote of all members
present, provided a notice of said amendment has been sent to the mem-
bers thirty days in advance of the meeting.

BY-LAWS
I. The following shall be the order of business:

1. Call to order.

2. Keport of officers.

3. Report of Executive Committee.
4. Eeports of Standing Committees.
5. Election of members.
6. Report of special committees.
7. Appointment of special committees.
8. Unfinished business.

9. New business.

10. Election of officers and directors.

11. Program.
12. Adjournment.

II. Twenty members shall constitute a quorum of the Academy for the
transaction of business. Five shall constitute a quorum of the Executive
Committee.

III. No bill against the Academy shall be paid without an order signed by the
President and Secretary, unless its payment shall have been authorized
by the Executive Committee as a whole.

IV. Annual dues of local and national members shall be two dollars. Life
membership shall be thirty dollars. Sustaining membership shall be ten
dollars annually.

V. Members who shall allow their dues to be unpaid for two years, having
been annually notified of their arrearage by the Treasurer, shall have their
names stricken from the roll.

VI. The President shall appoint annually an auditing committee of three, who
shall examine and report in writing concerning the financial records of
the Treasurer.

VII. The Secretary and the Treasurer shall be free from all dues during their
term of office.

VIII. All papers or abstracts of same, intended for presentation on any pro-
gram of the Academy, must be submitted to the Secretary previous to
the meeting.

IX. These By-Laws may be amended or suspended by a two-thirds vote of
the members present at any meeting.





INSTRUCTIONS FOR CONTRIBUTORS
The Transactions of the Kentucky Academy of Science is a medium of

publication for original investigations in science. Also as the official organ of the
Kentucky Academy of Science, news and announcements of interest to the mem-
bership are published therein. These include programs of meetings, titles, abstracts
of papers presented at meetings, and condensations of reports by the Academy's
officers and committees.

_
Papers may be submitted at any time to the editor or one of the associate

editors. Each manuscript will be reviewed by one or more persons qualified in the
field in addition to the editors before it is accepted for publication, and an attempt
will be made to publish papers in the order of their acceptance. Papers are ac-
cepted for publication with the understanding that they are not to be submitted
for original publication elsewhere, and that any additional printing shall be at a
later date and shall be designated in an appropriate credit line as a reprint from
the Transactions of the Kentucky Academy of Science.

Manuscripts should be typed, double-spaced, with wide margins, on paper of
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Alfred Meredith Peter 1857-1953

On August 11 of this year, the flag of the University of Kentucky

hung at half-mast in respect of a scholar, Alfred M. Peter, whose

long life of service had come to a close a few hours earlier. He was

born in Lexington, Kentucky, May 25, 1857, almost within the

shadows of old Transylvania University where his father, Dr. Robert

Peter, was distinguished professor of chemistry and physics. In

an atmosphere of learning, the education of young Alfred began with

tutorship, continued in private schools of the community, and then

in the preparatory school of Transylvania University. Within sev-

eral years he was attending classes, especially those taught by his

father, in the halls of the old Agricultural and Mechanical College

from which he received the degree of bachelor of science in 1880. He
was then appointed to an assistant professorship of chemistry in the

college and also assistant chemist of the Ky. Geological Survey and

with the appointment began a continuous service for Kentucky not

to be terminated till his final retirement in 1938. His pursuit of

knowledge in connection with his duties obtained for him the Mas-

ter's degree in 1885. Years later, in 1913, his Alma Mater conferred

upon him the honorary degree of Doctor of Science, but not before

an admiring public had unofficially yet affectionately given him the

title of "Little Doc. His long list of publications include contribu-

tions in soil chemistry, geology, and mineralogy and were to place

him high in American Science, with membership in many learned

societies.

Devoted to the advancement of science, with a fellowship in the

American Association, he was one of the founders of the Kentucky

Academy of Science in 1914. A year later he was elected president

of the Academy, and held the position for 18 years and then became

its president in 1933-1934.

Of particular value to the Academy was his ability as a science

Transactions of the Kentucky Academy of Science, 14 (3-4) : 89-90. April, 1954.
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editor. He was the editor of the Transactions of the Kentucky Acad-

emy officially for many years and then unofficially for an additional

number. He was ever on the alert to bring to the attention of the

secretary notes of interest for the archives and information concern-

ing other chapters.

It would be remiss of us to say nothing of his efforts in the found-

ing of the Kentucky Junior Academy of Science. He saw in this

organization an opportunity to interest the youth of the state in the

methods of science. His annual award for a best effort in its work

was an expression of his convictions in its principles.

Many other lines could be written in his behalf, but in his passing

let it here be stated in conclusion, he was ever the gentleman, scholar,

savant.

Alfred Brauer



The Polarographic Determination of Copper

in Titanium Alloys

William F. Wagner
Department of Chemistry, University of Kentucky,

Lexington, Kentucky

1 itanium alloys which possess such desirable properties as a very-

high strength-weight ratio and excellent resistence to corrosion have

been studied extensively in recent years. An investigation of the

titanium rich end of the titanium-copper alloy system to establish

a phase diagram was conducted by the Department of Mining and

Metallurgical Engineering at the University of Kentucky. It was

necessary to develop methods for the determination of copper in the

alloys in which the copper content varied from approximately 0.05%

to 25%. The experimental alloys were prepared by fusing the pure

granulated components of the alloy in a small vacuum arc furnace

described by Tinsley (3). Five grams of each alloy could be prepared

from which samples had to be taken for chemical analysis, hardness

test, and metallographic studies. Usually, less than one gram of the

alloy was available for chemical analysis.

The copper in the alloys containing over 2% copper was deter-

mined by electrodeposition. Samples containing less than 2% were

analyzed by polarography. Since the polarographic wave for the

reduction of Ti(IV) to Ti(III) interfered with the reduction wave

of the cupric ion in acid solution, the copper had to be separated

from the titanium. This was accomplished best by electrodeposition

of the copper.

Experimental

The weighed sample of alloy was dissolved in a mixture of 5 ml. of 48%
hydrofluoric acid and 5 ml. of 6 M nitric acid. Four ml. of concentrated sul-

furic acid were added, and the solution was evaporated until dense white

fumes of sulfur trioxide appeared. One ml. of freshly boiled nitric acid

was added and the solution was diluted to 150 ml. The copper was plated

on a platinum gauze cathode by use of a Braun Electrolytic Cabinet. The

per cent of copper was calculated from the weight of the metal deposited

for samples containing over 2% copper.

Transactions of the Kentucky Academy of Science, 14 (3-4) : 91-93. April, 1954.
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To determine the amount of copper in samples containing less that 2%,
the copper was dissolved in 10 ml. of hot 6 M nitric acid. After the solution

was cooled, the excess nitric acid was neutralized with concentrated am-

monia solution to the appearance of the deep blue tetrammine copper (II)

ion, and an excess of 3 ml. was added. One half ml. of a 0.05% solution

of gelatin was added and the solution was diluted to 25 ml. in a graduated

cylinder. This provided a solution approximately 2 N in ammonium ion

and 2 N in ammonia for polarographic analysis, similar to those used by

Kolthoff and Lingane (1) in calibration studies for copper. The solution

was transferred to an H-type cell containing a saturated calomel reference

electrode of the type recommended by Lingane and Laitinen (2). Oxygen

was expelled with nitrogen which was passed through a 2 N ammonia solu-

tion before entering the electrolysis cell.

A Model XXI Sargent recording polarograph with a dropping mercury

cathode delivering 2.14 mg. of mercury per second and having a drop time

of 3.10 seconds was used. Operating conditions were : sensitivity, 0.2 ; damp-
ing, 1; span, to —3 volts; and temperature, 20°C. In ammoniacal solu-

tions, a double wave was produced, the first corresponding to the reduction

of Cu(II) to Cu(I) at E V2 = —0.3 volts and the second, Cu(I) to Cu(Hg)
at E Yz — —0.6 volts. The diffusion current of the double wave, after cor-

rection for the residual current, was employed for the analysis. The value

of id/Cm2 / 3 t
1 /6 was 4.33 for the total double wave.

A solution prepared by dissolving 250 mg. of pure electrolytic copper

in nitric acid and diluting to exactly one liter, furnished the standard for

the preparation of a "working curve." Aliquot portions of this solution

were treated by the identical procedure used for the analysis of the solu-

tions of the alloys, including the electrodeposition of the copper. The data

obtained from the polarograms of various known concentrations, were plot-

ted, with diffusion current in scale divisions or microamperes, as ordinates

against the known concentration in mg. per 25 ml., as abscissae. The con-

centration of copper corresponding to the diffusion current determined for

an alloy sample was read directly from the graph. The diffusion current

proved to be a linear function of the concentration over the range of 50 to

200 mg. of copper per liter.

Table I shows the results of a few typical alloy analyses.

Table I

Sample No. % Copper

79 1.89
78 1.35

1.37
77 0.96

0.94
76 0.96

0.98

0.93

0.94
75 0.44

0.44

Two samples containing over two percent of copper were determined
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by electrodeposition and polarography as a cheek on the two methods, results

of which are shown in Table II.

Table II

% Copper
Sample No. Electrodeposition Polarography

45 3.99 3.90

56 9.42 9.42

Preliminary studies and some analyses were performed on a manual
polarograph with satisfactory results, but the operation was more tedious

and time consuming.

Summary

A method for the analysis of titanium alloys for copper is re-

ported. The copper is determined polarographically in an am-

moniacal solution after separation by electrodeposition.
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Attempted Preparation of Argentic Salts

Sigfred Peterson* and John E. Spessard

Department of Chemistry, University of Louisville,

Louisville, Kentucky

Hjxcept for complexes with certain organic bases, the only known

compounds of silver (II) are the oxide and fluoride. From analogy

to cobalt (III) it would seem possible to prepare salts of silver (II)

with non-reducing anions ; accordingly we have attempted a number

of such preparations.

The aqueous solution chemistry of silver (II) has been studied

by Noyes and coworkers (1). The standard electromotive force is

— 2.00 volts for the half reaction

Ag+ = Ag+ + + e~,

showing silver (II) to be capable of oxidizing water to hydrogen

peroxide. Silver (II) solutions may be prepared by oxidation with

ozone or peroxydisulfate, or by dissolution of the oxide in sufficiently

concentrated nitric acid. The decomposition rate increases with de-

creasing acidity ; below 1 M HNO3 it is intolerably great.

The possible methods of preparation appear to be, (1) conversion

of AgO in a non-reducing nonaqueous medium, and (2) precipitation

of an insoluble salt from a freshly prepared silver (II) solution. The

latter method is difficult because silver (I) which is always present

in such solutions will precipitate with nearly all reagents while sil-

ver (II) will precipitate with very few, since copper (II), which we
expect to be similar, precipitates with very few non-reducing re-

agents from strongly acid solutions. We have briefly investigated

the stability of silver (II) in mineral acid solutions. The dark brown
of silver (II) will persist overnight in cool concentrated nitric acid

which is free of nitrogen oxides ; the stability is enhanced by addition

of potassium nitrate but is less in other solutions of nitric, perchloric,

and sulfuric acid studied.

Experimental

Silver (II) oxide of purity up to 95% was prepared by the method of

* Present address, Oak Ridge National Laboratory, Oak Ridge, Tenn_
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Jirsa (2) from silver nitrate solution and an alkaline peroxydisulfate solu-

tion. Best results were obtained by allowing an bour reaction time in the

cold before boiling the suspension, and washing the silver (II) oxide with

boiling water until the wash water ceased to give a precipitate of silver (I)

oxide on cooling. Since the chief impurity is the lower oxide, preparations

were analyzed by ignition to metal. Other chemicals used were commercial

reagent grade chemicals. Attempted silver (II) salt preparations follow.

Acetate. Silver (II) oxide suspended in glacial acetic acid slowly evolved

gas leaving a residue of silver (I) acetate. Identical results were obtained

with sodium acetate or acetic anhydride added to the acid.

Chromate* Silver (II) chromate might be expected from the reaction

AgO + Cr2 7
— = AgCr04 + Cr0 4

—
since the analogous reaction with copper oxide is thermodynamically pos-

sible (3) and the larger Ag++ should have a more soluble oxide and less

soluble chromate than Cu+ + . Several silver chromate samples, obtained

either by treatment of silver (II) oxide with sodium dichromate or by pre-

cipitation of silver (II) from nitric acid with chromate solutions, upon analy-

sis showed oxidation equivalents no greater than expected from the chro-

mium ( VI ) content.

Ferricyanide. Addition of a silver (II) nitrate solution to potassium

ferricyanide solution gave a black precipitate which would not oxidize fer-

rous ion.

Sulfate. Many anhydrous sulfates including the water-unstable com-

pounds of copper(I) and manganese(IV) have been reported by Lautie (4),

who heated oxides or other suitable compounds with methyl sulfate by the

method of Recoursa (5). We have attempted this with silver (II) oxide,

but even at room temperature oxygen is evolved with the formation of sil-

ver (I) sulfate.

Phosphates. Our closest indication of success came during the study of

the stability of silver (II) in phosphoric acid. A sample of highly concen-

trated (over 85%) and somewhat discolored phosphoric acid to which sil-

ver (II) had been added, refrigerated overnight and brought to room
temperature, developed a dark brown suspension which largely settled on

centrifugation at 1500 rpm for 3.5 hr. The precipitate gave qualitative

tests for phosphate with ammonium molybdate and for silver (II) by disso-

lution in nitric acid to give the same dark color as silver (II) oxide in nitric

acid and by reaction with hydrochloric acid to give chlorine and silver (I)

chloride.

We believe that the acid used in this experiment contained some pyro-

phosphoric acid, and that the precipitate may have contained silver (II) pyro-

phosphate. We could not duplicate this result with fresh reagent grade phos-

phoric acid. Phosphate precipitates prepared from silver (II) oxide and 85%
phosphoric acid, either pure or with addition of sodium hydroxide, sodium

phosphate, or sulfuric acid, were found to have only 1.2 to 3% of the silver

in the oxidized state. The precipitate compositions were approximately that

of Ag2HP04 .

* Experiments of Mr. O. W. Cooper.
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Conclusion

Several attempted preparations of silver (II) salts have failed.

Preparation of a silver (II) pyrophosphate appears possible.
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Thermal Analysis of Beeswax Mixtures

Sister Mary Concetta Waller, O.S.U., M.S. ; Sister Mary Angelice

Seibert, O.S.U., Ph.D. ; Sister Mary Michaeline

Kramper, O.S.U., B.S.

Ursuline College, Louisville, Kentucky

IVIany experimental procedures have been employed from time

to time for the determination of equilibrium conditions between solid

and liquid phases. Of these the two of widest utility and applica-

bility are the thermal analysis and saturation or solubility methods.

These methods, supplemented when necessary by an investigation of

the nature of the solid phases occurring in a system, can cover be-

tween them the study of any system which may be encountered (5).

Beeswax mixtures are best analyzed by the first of these methods

—

thermal analysis. This method involves a study of the cooling rates,

i.e., temperature-time curves, of the various mixtures of a system dur-

ing solidification. From such curves it is possible to ascertain the

temperature of initial and final solidification of a mixture, and to

detect the temperatures at which various transformations and transi-

tions occur.

The first step in the experimental procedure involves the prepara-

tion of a number of mixtures of the two waxes ranging in their

compositions from 100 per cent refined beeswax to 100 per cent of

the other wax being studied. The mixtures are spaced at 10 per cent

intervals, and in this study are volume per cents, so that the final

results can be compared with two previous studies (3, 4) made on

these same mixtures—namely, specific gravity determinations on

binary wax mixtures and expansion of these wax mixtures with in-

crease of temperature. Using volume per cents does not change the

shape of the curve appreciably because the specific gravity of the

waxes does not differ by more than 0.05 grams.

After melting and thorough agitation to obtain a uniform molten

mass, a thermometer is inserted in the melt, and the contents are

allowed to cool slowly. Temperature and time readings are taken

every 20 seconds until the mixture is completely solidified.

Transactions of the Kentucky Academy of Science, 14 (3-4) : 97-102. April, 1954.
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A smooth cooling curve is plotted from the data, but whenever

a solid phase separates, heat corresponding to the heat of fusion is

evolved and this affects fully or in part the heat being lost from the

melted material and container. The rate of cooling, i.e., the slope of

the line, becomes less, and the temperature at which an inflection

point or plateau occurs can be used in plotting the phase diagram.

Duplicate results agree within ± 1° C.

To construct the equilibrium diagram from the cooling curves,

the initial and final solidification temperatures, ti, and tf are taken

off the cooling curves for the various overall concentrations, and are

plotted on a temperature-composition diagram. In this study only

the ti values are plotted, but the tf values are considered in the inter-

pretation of the results.

This method of thermal analysis is the accepted standard for the

ASTM melting point. The method for determining this value has the

designation : D 87 — 37. The melting point of the wax or wax mix-

ture is taken as the temperature at which the wax first shows a

minimum rate of temperature change (1).

These beeswax mixtures may be classified, as other condensed two-

component systems, first according to miscibility of the liquid phases,

and these in turn according to the nature of the solid phases which

crystallize from the solution.

Kefined beeswax is studied mixed with yellow beeswax, candelilla

wax, carnauba wax, Chinese Insect wax, Japan wax, ozocerite wax,

and paraffin wax. The components prove to be miscible in the liquid

state, but may be subdivided into four different groups within this

same class.

The beeswax-paraffin mixtures give us a simple eutectic diagram.

The two components only crystallize from the solution. The eutectic

mixture consists of 17% beeswax—83% paraffin by volume or 17.7%

beeswax—82.3% paraffin by weight (Fig. 1).

A second type of phase diagram shown by the beeswax mixtures

is that of complete miscibility in the solid state. Just as two liquids

may dissolve in each other to form a liquid solution, so one solid may
dissolve in another to form a solid solution. Solid, like liquid, solu-

tions are homogeneous, and may vary in composition within wide

limits. In the later respect they differ from solid components whose

composition is always fixed and definite.

The phase diagrams shown by the solid-liquid equilibria in binary
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REFINED BEESWAX - PARAFFIN WAX

Cooling Curves
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systems where both the liquid and solid phases are completely miscible

fall into three groups, namely,

(1) The melting points of all solutions are intermediate between those

of the pure constituents.

(2) The melting point curve exhibits a minimum.

(3) The melting point curve exhibits a maximum (5).

Three of the beeswax mixtures studied give melting points of all

solutions intermediate between those of the pure constituents. These

mixtures were beeswax-Chinese Insect wax, beeswax-Japan wax, and

beeswax-ozocerite wax.

Since in this system no more than two phases are present at any

time in equilibrium, there are no invariant points, and hence there

are no horizontal portions on the cooling curves. The only discon-

tinuities are an arrest when the liquidus curve is reached and solid

starts separating, and another arrest when the overall composition

line crosses the solidus curve and the melt disappears. In the bees-

wax-Chinese Insect wax curve this arrest is extremely slight and must

be determined by a careful study of the direction of the curves (Fig.

2). In the beeswax-Japan wax mixtures (Fig. 3), and the beeswax-

ozocerite wax mixtures (Fig. 4) the percentage composition is very

easily and quickly determined from the change in the slope of the

cooling curves.
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A variation of the previous groups is given by the beeswax-cande-

lilla wax mixtures (Fig. 5). Here as before the beeswax and
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candelilla wax form a complete series of solid solutions, but the melt-

ing point curve now, instead of being intermediate between the

melting points of beeswax and candelilla wax exhibits a minimum
in the 80% beeswax-20% candelilla wax mixture. Except for the fact
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that the melt composition corresponding to the minimum freezes at

a constant temperature of 58°C to yield a solid solution, the relations

in this system are similar to those described for the three preceding

mixtures.

The beeswax-carnauba wax mixtures (Fig. 6) show partial niisci-

bility in the solid state with a peritectic. Instead of exhibiting a

eutectic these solid solutions undergo a peritectic reaction in which

a solid solution of one type is transformed to a solid solution of

another type at a definite temperature. Since this peritectic reaction

between the two solid solutions and melt involves the coexistence of

three phases, the process must occur isothermally until the melt is

all consumed and only the two solid phases remain. Once the melt

has disappeared the temperature begins to fall again.

The last set of mixtures studied were the yellow beeswax-refined

beeswax mixtures (Fig. 7). Here the cooling curves of the individual

waxes follow identical patterns giving us parallel curves about one

degree apart. The mixtures gave curves intermediate between these

curves and therefore have not been shown in this graph. The percent-

age composition curve obtained from the incipient freezing points

is a straight line.

Comparing these melting points determined from cooling curves

with those of Koch, Hable and Wrangell (3) it is found that there

is close agreement in most cases. These authors report a dip in the

paraffin-beeswax combination, which agrees with the eutectic reported
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here. Another agreement is found in the statement that carnauba

wax exerts the most marked effect in raising the melting point of any

wax, its effect being concentrated at the end of the curve where its

percentage is the lowest.

In comparing the results of this study with the previously re-

ported (4) study on the specific gravity of the binary wax mixtures

certain other similarities and pecularities are to be noted. The mix-

tures forming solid solutions follow a similar pattern for the specific

gravity curves. All showed increased expansion toward the central

part of the curves. The beeswax-candelilla wax mixture with the

minimum melting point showed a contraction of this same mixture at

30°C with an increase in the specific gravity value. Small percent-

ages of carnauba wax caused a marked increase in expansion. The

beeswax mixtures showed how closely the two waxes resemble each

other in chemical make-up, and how little the impurities present in

the yellow beeswax affect such fundamental properties as specific

gravity and melting point, the experimentally determined values

being
Specific Gravity Melting Point

Refined Beeswax 0.957 61°C
Yellow Beeswax 0.953 62°C

The study contributes a very small part to the amount of data on

physical properties of wax mixtures. It is hoped that the present

study will be continued, and that it will be expanded to include a

number of other physical properties and the effect of the mixing of

waxes upon these properties. These studies are being made possible by

a grant from Eesearch Corporation, New York. We wish to acknowl-

edge our gratitude to the Corporation for its assistance and encour-

agement.
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The Status of Genetics in Modern Soviet Russia
5

Herbert Parkes Riley

Department of Botany, University of Kentucky,
Lexington, Kentucky

The basic principles of the science of genetics were discovered dur-

ing the early part of the latter half of the nineteenth Century by

an obscure Austrian monk, Gregor Mendel, a man with a brilliant

analytical mind but of no scientific standing in his day. His con-

clusions, the results of many carefully conducted experiments, were

read before the Natural History Society of Brunn in 1865 and were

published a year later in the Proceedings of that relatively unim-

portant scientific group. For reasons that have never been clear, his

paper lay virtually unread and his experiments unknown until 1900.

In that year, three botanists, Carl Correns in Germany, Hugo de

Vries in Holland, and Eric von Tschermak in Austria independently

conducted experiments similar to those of Mendel and reached con-

clusions identical with his. During the course of those investiga-

tions, Mendel's paper was unearthed and Mendel, because of priority,

is given the credit for being the first to discover and reveal the ele-

mentary principles that control the inheritance of various characters

in plants and animals.

Shortly after the rediscovery of Mendel's principles of heredity,

other investigators, both botanists and zoologists, began to conduct

similar experiments on a wide variety of organisms, partly to learn

whether these principles were of universal or at least of wide applica-

tion and partly, it must be admitted, because of scepticism at such

a revolutionary proposal. The most significant contributions of the

many biologists who undertook to investigate these problems, were

made by an experimental embryologist, Dr. Thomas Hunt Morgan,

who should be of especial interest to this group since he was born

here in Lexington in the Morgan home which is still standing at

Second and Mill Streets. I mention the names of Mendel and Mor-

gan not only because they were responsible for the foundations of

* Read at the Sixth University of Kentucky Foreign Language Conference (Slavonic
section), April 23-25, 1953.
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our knowledge of genetics but because the whole science which has

developed out of their discoveries is frequently referred to in Russia

as Mendel-Morgan genetics.

Before the rediscovery of Mendel's carefully thought-out and

skillfully analyzed conclusions in 1900, numerous attempts had been

made to explain how biological inheritance occurs. Some of these

attempts were based on experiments which were not well conceived

and therefore did not reveal the information it was hoped they would

reveal while others were the result not of experiments but of philo-

sophical speculations which, while interesting as speculative hypothe-

ses, had absolutely no basis in fact. Among these hypotheses were those

of Lamarck and Darwin, and Darwin's ideas are frequently cited

by the Russians to sustain their present position. Darwin's theory

of evolution was based on the idea of variation and change and on

the premises of natural selection and the survival of the fittest. Dar-

win realized that if there is organic evolution, there must be some

mechanism by which it is brought about and that this mechanism is

the same as the mechanism of heredity, and must be able not only to

account for the transmission of family resemblances but also to allow

for a certain amount of change or variation. It is unfortunate that

Darwin did not undertake to conduct experiments to learn how this

hereditary mechanism operated and that he did not know of the

work of Mendel, whose paper appeared about the same time as the

"Origin of Species." In place of experimentation, Darwin substi-

tuted speculation and proposed a theory of pangenesis which was

purely and simply a creation of his mind, which had no facts to sup-

port it, and which has since been shown to be contrary to all the

experimental evidence which has accumulated during the 53 years

subsequent to the rediscovery of Mendel's principles. It is this

theory of pangenesis, however, which the Russians have seized upon

to bolster their own ideas.

The studies in genetics which were carried out in Russia between

1900 and 1920 were not particularly outstanding, but soon after the

Russian revolution there was considerable improvement in both the

quality and the quantity of the research that was being conducted.

The emphasis was on practical rather than theoretical research and

the discussions were always colored by the political philosophy of

the Bolsheviki, but some outstanding contributions were neverthe-

less made and several geneticists and cytologists attained truly inter-

national stature. By far, the most outstanding of these was Nikolai
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Ivanovich Vavilov, the son of a very wealthy merchant who received

an excellent education in czarist Russia and later in England. Al-

though he was not a Communist, his ability was well recognized by

Lenin and he was made the director of an important bureau, later

to be called the AU-Union Institute of Applied Botany, which in-

cluded a large number of research stations throughout Russia and

a combined staff of about 20,000 persons. Vavilov was originally in-

terested in the immunity of cereals to various diseases and somewhat

later in the genetics of immunity. About 1914, he became interested

in the origin of cultivated plants, a subject upon which little had

been done except by the French botanist De Candolle about sixty

years previously. After the Russian revolution he continued his

interest in this subject and visited almost every region of the earth

collecting varieties of cultivated plants and their nearest wild rela-

tives and sending them back to Russia where they were used in exten-

sive breeding projects. To get an idea of the vastness of the scope of

his whole project, it only need be mentioned that he collected over

25,000 different varieties and strains of wheat alone. Vavilov 's

methods and his tremendous activity promised great gains for Rus-

sian agriculture.

The advances in genetics which were made by Russians in the

first fifteen years after the revolution seemed so significant that geneti-

cists throughout the world had planned to hold the Seventh Inter-

national Congress of Genetics in Moscow in 1937. About eight months

before the Congress was to open, word was received from Russia that

it was cancelled. This was a surprise for, while it had been known
that a few Russian geneticists had been killed, there was no compre-

hension of the true situation. Unknown to geneticists outside Russia,

great opposition to Vavilov and other Russian geneticists had been

stirred up by Trofim D. Lysenko, a relatively unknown plant physiolo-

gist, and by I. I. Present, a philosopher specializing in dialectical

materialism.

The opposition to genetics followed the usual Russian pattern of

liquidation. In 1932, the cytologists G. A. Levitzky and N. P. Avdou-

lov were arrested but were temporarily released by Stalin at Vavilov 's

request ; and about the same time, the pioneer of population genetics,

B. S. Chetverikov, was sent to Siberia. In 1936, Pravda mentioned

that Professor I. J. Agol, a well-known Drosophila geneticist, was

arrested for allegedly associating with "Trotskyist murderers," and

other reports show that he was shot. Two years later, Avdoulov was
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executed as was also the director of the Moscow Institute for Medical

Genetics, S. G. Levit. N. A. Iljin, an animal geneticist, disappeared

in 1939 and Vavilov followed him soon afterwards.

For some time there was no information in the Western world

as to Vavilov 's whereabouts. The Seventh International Genetics

Congress, to have been held in Russia in 1937, took place in Edin-

burgh in 1939 and Vavilov was invited to be its president. He ac-

cepted, but later resigned and was not permitted to attend. No
further communication was ever received from Dr. Vavilov and more

recent information indicates that he was arrested about 1940, and

subsequently sent to Siberia where he died about 1952. That same

year, G. D. Karpechenko, a cytogeneticist who, among other things,

has successfully produced a fertile hybrid between a cabbage and a

radish, died and Levitsky was rearrested and sent to a labor camp

where he died. There are other names that could also be mentioned,

for this short account by no means lists all the geneticists who were

executed or placed in circumstances under which they could not live.

It is difficult at this distance to understand why the violent op-

position to the science of genetics developed. While Lysenko and

Present have led the opposition since 1935 and while they may well

have been motivated at least in part by the opportunity for personal

gain and prestige, the basic cause is more deeply rooted and actually

antedates their activity by several years. Obviously, the cause is not

purely Lysenkoism, for Levitzky and Avdoulov were first arrested and

Chetverikov and Efroimson were sent to Siberia before Lysenko began

to make his serious bid for power. Lysenko and Present merely

fanned the flames; they did not light the match.

The more underlying causes may be the philosophy of dialectical

materialism which is common in Soviet thought and action, and the

Marxian notion that the poor and unsuccessful are the result solely

of very bad environmental and social conditions. Also, as Dr. H. J.

Muller, the Nobel Prize winner who spent several years in Russia,

has pointed out, with the Communist officials everything is either

black or white, with no intermediate condition. In terms of the

present problem, this means that the Russians consider that the

developed organism must be the result of either heredity or environ-

ment, not both, and they prefer to believe that it is his environment

that makes a man what he is. The present-day geneticist does not

think in terms of heredity versus environment nor does he maintain

that environment is not a factor in the development of an organism,
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plant, animal, or man. The modern student of heredity is concerned

with how different genetic combinations react in different environ-

ments, and how the two factors interact during development to pro-

duce the mature form.

Another factor which undoubtedly aggravated the anti-genetics

feeling was the rise of the Nazis with their race doctrines which were

supposed to have been based on principles of genetics. Many exam-

ples could be cited of adverse criticism and condemnation of these

doctrines by reputable geneticists in many countries outside Ger-

many, but unfortunately, in the Russian mind genetics seemed to

be associated with these preachings of the Nazis and that, of course,

was enough to condemn them ipso facto.

The anti-genetic views of the higher political figures in Russia

formed a fine background for the appearance of Lysenko and Present

who missed no opportunity to advance their positions. It is needless

to relate how Lysenko debated with the geneticists at several sup-

posedly scientific congresses in Russia and to mention that it was

useless for Vavilov and his supporters to advance scientific arguments

before a court that could not understand them and that had apparent-

ly made up its mind in advance. Suffice it to say that one by one most

of the leading geneticists were executed or disappeared. Some of the

lesser lights recanted, renounced their former ideas, and at least

on the surface adopted the views of Lysenko. They apparently saved

their skins and in some cases their jobs as well. At present, Lysenko

is considered the great biological authority in Russia, and the un-

proven doctrines of Michurin and Lamarck have replaced the care-

fully planned experiments of Mendel, Morgan, and a host of other

scientists in the Western world.

It might be interesting to consider the types of arguments that

have been advanced by Lysenko and his followers. Their most potent

argument is appeal to authority, and especially to the dicta of the

Central Committee. The main authorities which can be cited are

Marx, Engels, and Lenin. Since Marx had indicated his approval of

Darwin and since Lenin had spoken well of the plant physiologist,

Timiriazev, and the plant breeder, Michurin, these men became

prophets of the second order. In turn, Timiriazev had expressed high

regard for the American, Luther Burbank, which made him a third-

order prophet. Anything that was spoken or written by these men
became facts which could be used to prove any argument. Scien-

tific genetics does not argue by appeal to authority. Experiments
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conducted by other men and the results of these experiments are

frequently cited and redescribed, but no man's bare opinions are

sacred and no statement can be accepted as fact merely because it was

made by a certain man.

To advance their arguments, the Lysenkoists frequently cite the

supposed results of experiments, but of experiments which are not

described in detail and which are usually carried out without ade-

quate controls. When a geneticist reports the results of an experi-

ment, he states his problem, relates it to work that has been done in

the past, describes his techniques, apparatus, and methods in detail

and the conditions under which the experiment was conducted, records

the data which he has gathered and then draws his conclusions. By
this careful description of the methods and conditions of the experi-

ment, other trained scientists in any laboratory in the world can

repeat the experiment and can verify the results. When the Com-

munists present their arguments they make many bare statements

but present no data of any kind. Thus, it is impossible for geneti-

cists in this country or elsewhere to repeat and test out their experi-

ments. Some of their experiments on plant improvement, such as

much of the vernalization work, is meaningless because they use

heterogeneous mixtures of seeds whose ancestry is unknown and

which, therefore, could be expected to give almost any results. Also,

it appears that they are not too careful when sowing seeds to keep

out the stray seeds which can creep in if great care is not taken;

such carelessness could easily lead to erroneous observations and con-

elusions.

In some of their arguments, the Russians simply misrepresent the

facts. For example, the simplest and basic genetic ratio is three

dominants to one recessive. This basic ratio was discovered by Men-

del, but since his time other ratios have been discovered which are

extensions of this basic one. Because ratios other than the simple

basic one have been recorded, Lysenko argues that Mendelism is er-

roneous. As Dr. Zirkle has pointed out, it is as if he had mastered

the multiplication table as far as 2 X 2 and then because some prob-

lems do not result in 4 as the answer, denounces the multiplication

table as erroneous and a "fraud perpetrated on the workers by their

capitalistic exploiters.
'

'

The experiments which started Lysenko on his successful career

were those on "iarovisation" or "vernalization" as it is now called.

By allowing winter wheat to barely sprout and then keeping it frozen
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under water for a few weeks, it can be treated as spring wheat. Ly-

senko claimed to have discovered this method and also claimed that

the changed condition was subsequently transmitted as such in hered-

ity. Here, too, there is considerable misrepresentation. In the first

place, no experimenters outside Russia have found any evidence that

would indicate that the changed condition is in inherited in any way.

In the second place, Lysenko did not discover the process as it was

described by an unnamed botanist in Tennessee in a publication,

"The Cultivator," in 1837, and was redescribed in other American

publications by R. L. Allen in 1846 and J. H. Klippart in 1858. Com-

plete citations of the references are included in Zirkle's (1949)

book. It should be added that this method of plant improvement

was abandoned in the United States long ago and that apparently it

is not even used to any extent today in Russia.

Another method of argument used by the Communists is one in

which words are used with strange meanings or even in which words

are not used to label ideas but are substituted for ideas. For ex-

ample, in his "Heredity and Its Variability," Lysenko does not

define heredity as the tendency for like to beget like nor in any other

way in which the term is used by Western biologists. Instead, he

maintains that heredity is simply the nature of the living body. One

of the first requisites for a discussion or debate is an agreement on

the use of terms. If each side uses terms to mean different things,

obviously any debate is futile. Throughout their arguments, the

Lysenko group uses an excess of words in such a way that the whole

subject becomes hopelessly confused because of a lack of precise

terminology and clear cut definitions. Obviously such arguments

are hard to refute.

Finally, one method frequently used is simple name-calling. By
classing Mendelian principles as "idealistic" and "metaphysical,"

by referring to genetics as "reactionary," "bourgeois," of "capital-

istic," and by referring to Mendel's work as "clerical anti-Darwin-

ism," Lysenko might be presenting cogent arguments to a Russian

audience, but such reasoning would carry little weight with an edu-

cated group in the United States.

Suggested Reading

Dobzhansky, T. H. 1947. N. I. Vavilov, a martyr of genetics. Jour. Hered-

ity 38: 227-232.

Gustafsson, A. 1951. Marxist genetics at the Stockholm Botanical Congress.

Jour. Heredity 42: 55-59.



HO Herbert Parkes Biley

Leone, C. A. 1952. Genetics : Lysenko versus Mendel. Trans. Kansas Acad.

Sci. 55: 369-380.

Levan, A. and A. Miintzing. 1951. Correction of a report. Hereditas 37:

293-305.

Lysenko, T. D. 1946. Heredity and its variability. Translated by T. H.

Dobzhansky. New York: King's Crown Press.

Sax, K. 1947. Soviet science and political philosophy. Sci. Monthly 65:

43-47.

Zirkle, C. 1949. Death of a science in Russia. Philadelphia: University

of Pennsylvania Press.

Received 25 May 1953.
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1 he place of research in the liberal arts college is a perennially

popular question for debate (1-6). Scientists and administrators alike

are currently giving the question serious attention. Believing that

scientific research in a small liberal arts college can be of direct educa-

tional value both to faculty and students, Ursuline College has

attempted to establish a faculty-student research program. The diffi-

culties of such a program in a small college are numerous. Since

Ursuline College has been able to meet many of these problems and

has succeeded in initiating a faculty-student research program, an

account of the problems and their solution may be of interest and

value to other colleges with similar interests and problems.

Failure of the college administration to appreciate and under-

stand the need for scientific research often results in considerable

opposition to such a program. Absence of stimulating contact with

fellow researchers tends to repress the initiative for research by the

college professor. Finances always present a number of obstacles.

Limitation in the number of faculty members results in heavy teach-

ing schedules allowing little or no time for research. Laboratory

space, library facilities, special equipment and supplies, all require

financial support not usually available from the general funds budg-

eted to the science department.

On the part of the student, full class schedules and crowded extra-

curricular programs leave little time for participation in a research

project that requires extended hours of work.

Such obstacles present a challenge to the professor who would

engage in research while teaching in a small college. The following

is an account of how the challenge was met at Ursuline College.

For some years the members of the science department of Ursuline

Transactions of the Kentucky Academy of Science, 14 (3-4) : 111-116. April, 1954.
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College have desired to engage in active research, and in spite of the

many obstacles which presented themselves, a research program was

initiated in December, 1950. The project was designed with several

objectives in view. The program would provide opportunity for the

faculty to engage in scientific research. It would provide a means

for bettering the quality of science teaching in the college. It would

make available limited research opportunities for interested and

qualified students. It would benefit humanity at large by contribut-

ing to the discovery of new and useful knowledge.

In light of these objectives, it should be pointed out here that the

dual faculty-student participation in the program cannot be over-

emphasized. It is important, too, to include as an objective of the

program the avoidance of several errors which a poorly planned pro-

gram can involve. The project is in no way intended as a direct

preparation for a professional career, but as an introduction to and

a source of background for future professional training. Emphasis

on research to the neglect of basic training is to be avoided. Care is

to be taken to insure that student participation does not degenerate

into the mere mechanical production of data for the benefit of the

professor.

When the general objectives and broad outline of the program

had been formulated, they were presented to the college administra-

tion, a first but very important step in any such undertaking. Con-

vinced that faculty members of a liberal arts college should devote

some time to research and that the duty of the teacher is two-fold,

to discover and to teach, the administration showed considerable in-

terest in the project. Realizing that even though research is time-

consuming, it is vital to good teaching, further encouragement was
given by the administration in its efforts to lighten heavy teaching

schedules and extra-curricular assignments. Although administra-

tive sympathy with the problem of time has been helpful, it must not

be thought that this problem has been completely solved. All of the

participating teachers carry full schedules, but with the willing co-

operation of all concerned the research program is continuing.

Administrative approval was given with the condition that sup-

porting funds be obtained from outside sources. The acquisition of

much-needed financial assistance presented the next problem. At
this point Research Corporation, New York, provided the stimulus

that started the project on its way.

Research Corporation of New York represents one of the few
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outstanding efforts of industry to help solve the problem of finances

for research in small colleges. The Corporation, a non-profit organi-

zation, was founded by Frederic Gardner Cottrell. This philanthro-

pist-scientist endowed the Corporation with certain valuable patent

rights in the field of electrical precipitators. All profits of the Cor-

poration go to the support of scientific research. One of Dr. Cot-

trell 's favorite themes was: "Bet on the youngsters." A special

program of grants established by Cottrell in 1945 provides support

for nearly two hundred of the younger scientists in small colleges

all over the United States. A far-sighted policy of the Committee

on Grants of the Corporation is selection of beginners as grantees

rather than research workers with established reputations.

The faculty of Ursuline College is deeply indebted to the Cottrell

Fund for acting both as an initiator and catalyst of its research pro-

gram through financial assistance.

A second small grant from the American Academy of Arts and

Sciences provided further impetus. This first series of grants was

completed by receipt of a check from the Damon Runyon Memorial

Fund for Cancer Research, Inc., and gifts from interested individuals.

The directors of the Damon Runyon Fund also have followed a policy

of giving the "little researcher" a chance.

The effect of the acknowledgment of these research foundations

on the student morale is an important observation to record at this

time. The reaction can best be summed up in the words of a resident

student on hearing a radio announcement of the Damon Runyon
award :

'

' Did you hear what we got ? '

' Interest and enthusiasm was

aroused among the entire student body.

Having procured the requisite funds, other obstacles had yet to

be overcome. By dint of much rearranging and rescheduling, a sec-

tion of a large teaching laboratory was made available and assigned

for research. This, of course, was not the most desirable arrange-

ment. A year later with administration and faculty cooperation,

the furnishing of a new laboratory was begun. This research labora-

tory is now in use.

Adequate library facilities always present a problem in a small

college. With some of the gift money, a small research library was

begun. At present the students make use of both the general campus

library and our small research library. This part of the project, too,

we feel will grow with the development of the program as a whole.



114 Seibert and Waller

Students and professors also avail themselves of the lending library

arrangement with the University of Louisville.

Student interest had been stimulated and this was essential to

the success of the new project. Faculty time and numbers were

severely limited and student assistants were absolutely necessary.

Their assistance would at the same time provide learning opportuni-

ties and experience for them. The faculty-student research program

was explained to the students. It was pointed out that the students

were to be a vital part of the undertaking. Participation was not re-

quired. No college credit is given at present for the student's work.

The time is voluntarily offered by the student and no fees are paid.

Students consider it a privilege to be associated with the research

program. Any student aspiring to be a science major and maintain-

ing at least an average scholastic record may ask to participate in the

program. Sophomores are permitted only the least interesting activi-

ties : dish washing, keeping stock shelves in order, taking records,

typing library data, etc. Juniors are introduced to research by

assisting faculty members in experimental work. Seniors are as-

signed individual facets of the problem usually in the nature of

routine analyses which are closely supervised by faculty members.

The research being carried on at present falls into the two fields

of biological and organic chemistry. Emphasis is placed on theo-

retical rather than on the practical aspects of the work. The bio-

chemical studies are concerned with basic principles of cellular

chemistry. Particular interest is being given to the effect of certain

toxic agents such as organic mercury compounds and carcinogenic

agents on the chemical and physical properties of isolated cellular

constituents, e.g., enzymes and proteins. Investigations include vis-

cosity measurements, spectroscopic studies of enzymic activity and

spectral patterns, polarimetry and a series of chemical studies. The

enzymes under investigation are the respiratory enzymes. The pro-

teins used so far are crystalline serum albumin, ovalbumin, and /?-

lactoglobulin.

In the field of organic chemistry a basic investigation in wax
mixtures is being made. Ten different natural waxes including bees-

wax, carnauba, candelilla, Chinese insect, Japan, montan, ouricury,

paraffin, spermacetti and several synthetic waxes are being studied

in various binary mixtures with respect to the alteration of physical

properties in the mixing process. Analyses of refractive indices,
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polarographic half-wave potentials, ultraviolet absorption and fluo-

rescence are planned.

Not only do the students learn the mechanics of the various tech-

niques required for the studies outlined above, but conferences and

seminars are held periodically for explaining procedures, elucidating

reasons for the measurements, reviewing results obtained and inter-

preting data. Students are also directed in library research and are

taught to make accurate and detailed records. Each year the students

who have participated in actual experimentation are asked to submit

a detailed report of their work of the year in a formal scientific paper

such as would be submitted to a scientific journal. These papers

are read by three scientists not of the College faculty and a twenty

dollar award is given to the paper selected as the best of the group.

Students also get practice in presenting their work orally. Each year

several papers are presented to the faculty and student body at assem-

bly periods. One or more students participate in the annual student

symposia sponsored by the Student Affiliate Chapters of the American

Chemical Society of the University of Louisville and of Xavier Uni-

versity of Cincinnati, Ohio.

The project has functioned on this basis for the past three years.

Financial assistance has been continued by the foundations mentioned

and by interested individuals. The faculty at present is considering

offering college credit to upper division students for their participa-

tion. The students have given unstintingly of their free time and

have not asked for credit. However, the faculty feels that from the

proposed credit arrangement certain advantages will accrue to both

student and teacher. Under the new plan, assigned laboratory hours

and lecture periods will be scheduled and formal credit given. The

student will still be free and welcome to give additional time if she

so desires.

Students who have been associated with the program feel that

the experience and knowledge they have gained has done much
to broaden their concepts in science. They have expressed a better

appreciation for the work of scientists and a greater realization of

the infinite marvels of God's universe. Their routine course work

has become more profitable, meaningful and enjoyable.

Faculty members, too, feel that the inauguration of the faculty-

student research program has strengthened the science department,

has been a source of animation for the professors, and has improved

both student-teacher and public relations. It also serves as an aid
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in evaluating student character and of guiding future research

scientists into these much needed careers.

Faculty members have presented papers representing the research

carried on in the project at the Annual Conferences of the Institutum

Divi Thomae, Cincinnati, Ohio, and at the Fall Meetings of the Ken-

tucky Academy of Science. To date two publications have resulted

from the experimental work carried out under the program (7-8).

A third paper is in preparation.

The undertaking has been a difficult one. Many experimental

errors and interfering factors remain to be corrected for the efficient

working of the program. Finances continue to be necessary. Time

always presents a problem. Yet, all of these factors admit of at

least partial control. All indications suggest that the project will

continue to give the satisfactory positive results so far realized.

Acknowledgments : Grateful acknowledgment is made to Dean
Elton S. Cook and Professor Cornelius W. Kreke of the Institutum

Divi Thomae, Cincinnati, Ohio, for untiring encouragement and ad-

vice in planning the investigations and in the study, evaluation and
publication of experimental data resulting therefrom.
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ACADEMY AFFAIRS
THE 1953 FALL MEETING OF THE KENTUCKY ACADEMY

OF SCIENCE

The Kentucky Academy of Science held the thirty-ninth annual meeting

October 30-31, 1953, at the University of Kentucky, with 102 members
attending.

The program on Friday afternoon, October 30, consisted of a symposium
on Some Recent Developments in Science. The speakers were Dr. J. M.
Carpenter of the Zoology Department of the University of Kentucky, Dr.

J. G. Black of the Physics Department of Eastern Kentucky State College,

and Dr. Karl 0. Lange of the Aeronautical Research Laboratory of the

University of Kentucky. Dr. Lyle Dawson, of the Chemistry Department

of the University of Kentucky, who was also scheduled to speak, was ill

and could not be present. From the recent developments in the biological

sciences Dr. Carpenter chose evolution, with emphasis on mechanisms, and
radiation biology. Dr. Black contrasted modern viewpoints and concepts

in physics with earlier ones and stressed the contemporary nuclear work.

Dr. Lang spoke on recent advances in aeronautical meteorology, especially

the investigations of the upper atmosphere.

Following the banquet Friday evening in the ballroom of the Student

Union Building Dr. Morris Scherago of the Bacteriology Department of

the University of Kentucky spoke on "The Technical Mission in Thailand"

and showed colored slides made while he was in Thailand. The program
closed with the Presidential Address, entitled "Some Aspects of Time," by
Dr. Thomas C. Herndon of Eastern Kentucky State College.

Business sessions were held after the symposium Friday afternoon and

at 8 :30 Saturday morning. New officers elected are as follows : President-

elect, R. H. Weaver; vice-president, J. G. Black; Secretary, Mary Wharton;
Treasurer, R. A. Chapman; Counselor to Junior Academy, H. H. LaFuze;
and Representative to A.A.A.S. Council, A. R. Middleton.

Sectional meetings followed the business session Saturday morning.

Fifteen papers were presented in Biology, there were five papers in Bac-

teriology and Medical Technology, seven papers were given in Chemistry,

and there were four papers in the Engineering section. Concurrent with

these sections were meetings of the Kentucky Association of Physics Teachers

and of the Kentucky Junior Academy of Science.

After luncheon a program was presented for the Kentucky Academy of

Science by several members of the Kentucky Junior Academy of Science.

The official program appears below.

Mart E. Wharton, Secretary

GENERAL SESSIONS
Registration: Foyer, Funkhouser Biological Sciences Bldg.

2:00-5:30 P.M. Friday, October 30.

8:00-11:00 A.M. Saturday, October 31.
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Friday, October 30

3:00 P.M. Eoom 200, Funkhouser Biological Sciences Bldg.

Dr. Thomas C. Herndon, presiding

Address of Welcome: Dr. Leo Chamberlain,

Vice-President of the Univ. of Kentucky-

Panel Discussion: Eecent Developments in Science

"Some Eecent Developments in Biology,"

Dr. H. M. Carpenter, Dept. of Zoology, Univ. of Ky.
''Some Eecent Developments in Chemistry,"

Dr. Lyle E. Dawson, Dept. of Chemistry, Univ. of Ky.

"Some Eecent Developments in Physics,"

Dr. J. G. Black, Department of Physics,

Eastern Kentucky State College.

"Eecent Advances in Aeronautical Meteorology,"

Dr. Karl O. Lange, Dept. of Mechanical Engineering,

Associate Director of the Aeronautical Eesearch Laboratory,

University of Kentucky.

Business session immediately following panel discussion.

6:00 P.M. Dinner. Ballroom, Student Union Building

Miss Hazel Nollau, Vice-President, presiding.

THE TECHNICAL MISSION IN THAILAND:

Dr. Morris Scherago, Dept. of Bacteriology, Univ. of Ky.

Presidential Address: Dr. Thomas C. Herndon, President of the

Kentucky Academy of Science.

Saturday, October 31

8:30 A.M. Eoom 200, Funkhouser Biological Sciences Bldg.

Business session.

9:30. A.M. Sectional meetings.

12:30 P.M. Luncheon, Student Union Building.

Dr. H. H. LaFuze and the Junior Academy of Science in charge
of the program.

SECTIONAL MEETINGS
Saturday, October 31

Bacteriology and Medical Technology

Eoom 124, Funkhouser Biological Sciences Building

James C. Humphries, Chairman

"Type transformation of cultures of Clostridium tetani." James W. Mandia,
Department of Animal Pathology, University of Kentucky.

"Factors modifying survival of E. coli following irradiation." Eobert S.

Weatherwax, Department of Bacteriology, University of Kentucky.

"Effect of saliva on the colonial morphology of strains of Lactobacillus acido-

philus." Patricia Lalley and E. H. Weaver, Department of Bacteriology,
University of Kentucky.

"The relationship between intensity of infection and metabolism of P32 in

Trypanosoma equiperdum." William F. Cantrell, School of Medicine, Uni-
versity of Louisville.

"An indication of the prevalence of Blastomycosis in Central Kentucky."
James T. McClellan and Albert Balows, Pathology Section, Lexington
Clinic and St. Joseph Hospital, Lexington, Kentucky.
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BIOLOGY
Boom 125, Funkhouser Biological Sciences Building

J. M. Edney, Chairman

"Fresh water jellyfish in Warren Country, Kentucky." L. Y. Lancaster, Dept.
of Biology, Western Kentucky State College.

"Toward a Kentucky Flora: a beginning." Mary E. Wharton, Dept. of Biology,
Georgetown College.

''Modification of development of pea beetle embryos by ultra-violet irradiation

during later embryogeny. '
' Alfred Brauer, Dept. of Zoology, University

of Kentucky.

"An annotated list of Tabanidae collected in Kentucky." Lee H. Townsend,
Dept. of Agricultural Entomology, University of Kentucky.

" Species-concept changes in the Tythlocybid leafhopper genus Bibautiana."
Paul Christian, Dept. of Biology, University of Louisville.

"Auxin response in maleic hydrazide treated plants." Sidney P. Johnson,
Dept. of Biology, Cumberland College.

" Electron microscope observations of chick chorio-allantoic membranes." C. H.
Domermuth and O. F. Edwards, Dept. of Bacteriology, University of

Kentucky.

"The honey plants of Kentucky." Harvey B. Lovell, Dept. of Biology, Uni-
versity of Louisville.

'
' Drosophila of the Great Smoky Mountains National Park. " J. M. Carpenter,

Dept. of Zoology, University of Kentucky.
" Determinative tests on the nature of the chromaffine reaction in the osphradial

ganglion of freshwater mussels. '
' Chester N. Zembroski, Dept. of Zoology,

Univ. of Kentucky.

''Interspecific competition among certain vertebrates." William M. Clay, Dept.
of Biology, Univ. of Louisville.

''Endogenous and exogenous substances used in repair of hernia." David W.
Barrow, Barrow Medical Foundation, Lexington, Ky.

"A study of the effect of the female Lebistes on the secondary sexual melano-
phores of the male Lebistes." Bobbie Hendricks Gregory and William
Furnish, Dept. of Biology, Univ. of Louisville.

'
' The distribution of Microtus in Kentucky. '

' Roger W. Barbour, Dept. of
Zoology, Univ. of Kentucky.

"Some limnological features of a Kentucky Knobs lake." Gerald A. Cole,

Dept. of Biology, Univ. of Louisville.

"The ecology of CUnostomum marginatum (Trematoda). " J. M. Edney, Dept.
of Zoology, Univ. of Kentucky.

CHEMISTRY
Room 111, Kastle Hall

Ward Sumpter, Chairman ; W. F. Wagner, Secretary
'

' A further study of the interaction of N-alkylisations with Grignard reagents. '

'

Ward Sumpter, Wallace Hunt, and Jean Wimpy, Western Kentucky State

College. (Presented by Dr. Sumpter)

"The conductometrie and viscometric behavior of lithium bromide in 50-50

methanol-acetone over the temperature range of 20° to —50°C. " Lyle
Dawson, Richard Hagstrom, Robert L. McNeer, and Paul G. Sears, Dept.
of Chemistry, University of Kentucky. (Presented by Mr. Sears)

1 ' The conductance of lithium chloride in the mixed solvent methanol-acetone
at 20°C. " Lyle Dawson and Walter Wharton, Dept. of Chemistry, Univer-
sity of Kentucky. (Presented by Mr. Wharton)
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"Thermal analysis of beeswax mixtures." Sister Mary Concetta Waller, O.S.U.,

and Sister Mary Angelica Seibert, O.S.U., Ursuline College. (Presented
by Sister Mary Concetta)

"Attempted preparation of argentic salts." Sigfred Peterson and John E.

Spessard, University of Louisville. (Present addresses: Oak Ridge Na-
tional Laboratory and Tulane University respectively.)

"Reaction of diformylhydrazine with aminoheterocycles. " Albert J. Hart and
Richard H. Wiley, University of Louisville.

"The preparation and study of barium thiosulfate monohydrate with a view
to its use as a primary standard." Reverend Frederick N. Miller and
Sister Agnes Mary Brown, Xavier University, Cincinnati, and Owensboro
Catholic High School. (Presented by Sister Agnes Mary)

Engineering

Boom 204, Anderson Hall

H. A. Bomanowitz, Chairman

'
' Design of a stabilized soil mixture using flyash and lime. '

' Lawrence Pend-
ley, Dept. of Civil Engineering, University of Kentucky.

"The injection refrigeration cycle." W. Merle Carter, Dept. of Mechanical
Engineering, University of Kentucky.

'
' A bridge for measuring the galvanic skin response. '

' Bobert Nichols and
Thomas Droege, Dept. of Electrical Engineering, University of Kentucky.
(Presented by Mr. Droege)

'
' The scaling of titanium and titanium-base alloys in air.

'
' Hal W. Maynor,

Jr., Dept. of Mining & Metallurgical Engineering, University of Kentucky.

Kentucky Association of Physics Teachers

Boom 201, Pence Hall
9:30 A.M.

Kentucky Junior Academy of Science

Boom 200, Funkhouser Biological Sciences Building
9:30 A.M.

Program committee—Hazel Nollau, William B. Owsley, and E. B. Penrod.

Local committee on arrangements—B. H. Weaver, B. A. Chapman, O. F.
Edwards, and J. E. Hernandez.

CALENDAR OF SCIENTIFIC MEETINGS
(Notice of future meetings of any scientific organization, whether af-

filiated with the Kentucky Academy of Science or not, may be inserted in

this column, provided that (a) the meeting place is in Kentucky or an ad-

jacent state, (b) the meeting is of state-wide rather than of only local in-

terest, and (c) proper advance notification is forwarded to the Transactions.

It is desirable to include the name and address of an individual from whom
additional information may be secured.)

April 9-10, 1954. Kentucky Academy of Science, 1954 Spring Meeting.

Berea College, Berea, Kentucky

October 22-23, 1954. Kentucky Academy of Science, Fortieth Annual Meet-
ing. University of Louisville, Louisville, Kentucky



INSTRUCTIONS FOR CONTRIBUTORS

The Transactions of the Kentucky Academy of Science is a medium of
publication for original investigations in science. Also as the official organ of the

Kentucky Academy of Science, news and announcements of interest to the mem-
bership are published therein. These include programs of meetings, titles, abstracts

of papers presented at meetings, and condensations of reports by the Academy's
officers and committees.

Papers may be submitted at any time to the editor or one of the associate

editors. Each manuscript will be reviewed by one or more persons qualified in the

field in addition to the editors before it is accepted for publication, and an attempt
will be made to publish papers in the order of their acceptance. Papers are ac-

cepted for pubbcation with the understanding that they are not to be submitted
for original publication elsewhere, and that any additional printing shall be at a
later date and shall be designated in an appropriate credit line as a reprint from
the Transactions of the Kentucky Academy of Science.

Manuscripts should be typed, double-spaced, with wide margins, on paper of

good stock. The original and one carbon copy should be submitted, and the author
should retain one additional carbon copy. It is desirable that the author have his

colleagues read the manuscript for clarity of expression and typographical or other

errors.

Titles must be clear and concise, and provide for precise cataloging. Textual

material should be in clear, brief, condensed form. Footnotes should be avoided.

Tables and illustrations are expensive and should be included only to give effective

presentation of the data. Articles with an excessive number of tables or illustra-

tions, or with poorly executed tables or illustrations, may be returned to the author

for modification.

Line drawings will appear as text-figures, while half-tones or other processes

requiring paper inserts will appear as plates. Text-figures should be jet-black on
white; shading may be indicated by stippling or lines but not by half-tone washes.

Drafting should be carefully done (hand lettering generally is not satisfactory).

Photographs for plates should have good contrast and be printed on glossy paper.

Plates and text-figures are to be numbered consecutively and independently; on the

back of each its number and the author's name should be written lightly in pencil.

Each plate and text-figure must be referred to specifically in the text and must
be provided also with a legend, the latter to be supplied as typed copy separate

from the figures. Figures should be arranged into groups whenever possible and
the legend for each group written as a separate paragraph. The amount of reduc-

tion desired should be indicated and should be consistent with the page dimensions of

this journal. Indications of magnification should apply to the reduced figure.

The aim of the paper should be made clear in the introductory portion. If the

paper is of more than a few pages it should contain a brief "Summary," which

should be lucid without recourse to the rest of the article. In the interest of bibblo-

graphic uniformity, arrange all references under a "Literature Cited" heading,

in either of two sequences: (a) alphabetically by author and date, unnumbered, with

textual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b)

numbered in the sequence in which textual citation by numbers is made, as (1),

(2), etc. Use initials for given names. Titles of books must be included, but

those of articles in a serial may be omitted at the author's discretion. Abbreviate

names of journals, using the form employed by Chemical Abstracts or Biological

Abstracts. Separate the volume number from page numbers by a colon. References

to books should include also the place of publication and the publisher.

The author is responsible for correcting the galley proof. Extensive alterations

from the original are expensive and must be avoided or paid for by the author.

Galley proofs must be returned promptly. Blanks for reprint orders will be sup-

pbed with the galley proof.
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Phyletic Relationships Among Some Rodents

With Special Consideration of Sigmodon
Based on Embryological Data

Charles E. Keys

Asbury College, Wilmore, Ky.

Introduction

1 he purpose of this paper is to present phyletic considerations of

the cotton rat, Sigmodon hispidus texianus (Audubon and Bachman)
in relationship to some other rodents. The selection of rodents for

discussion in this paper is largely dependent on the availability of

literature concerning the early development of rodents. Consider-

able work has been done on the laboratory rodent while the native

American rodent has generally been neglected.

Alden (1948), Blandau (1945), Huber (1915), Krehbiel (1937),

Long and Burlingame (1938), Odor and Blandau (1951) among
other researchers published information which is the background

for discussion of Rattus in this paper. Concerning the early develop-

ment of Cavia publications of Blandau (1945a), Harman and Prick -

ett (1932), McClaren (1933) and Squier (1932) have been helpful.

For background concerning Mus I have depended to a large extent

on Snell (1941) in his discussion of the laboratory mouse. From
Sansom (1922) information concerning Microtus was obtained. Re-

cent publications by Graves (1945), Venable (1946 and 1946a) and

"Ward (1948) have furnished information concerning Cricetus. Re-

garding many of the native American rodents I have drawn data

from papers by Mossman and Hishaw (1940), Mossman (1937),

Mossman and Weisfeldt (1939), and Nielson (1940). As far as

information concerning Sigmodon is concerned, I have drawn entirely

from unpublished data (Keys, 1951).
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In order to use embryological data to show the relationships of

Sigmodon to other rodents, Simpson's (1945) classification of the

rodents is used because it seems to be the best system in the light of

present knowledge. In this classification, Sigmodon would stand in

relation to some other rodents as shown in Table I.

Table I

Order RODENTIA
Suborder SCIUROMORPHA

Superfamily Sciuroidea
Superfamily Geomtoidea

Family Geomyidae
Family Heteromyidae

Suborder MYOMORPHA
Superfamily Muroidea

Family Cricetidae
Subfamily Cricetinae

Tribe Hesperomyini Sigmodon
Tribe Cricetini Cricetus

Subfamily Microtinae Microtus
Family Muridae Mus, Battus

Suborder HYSTRICOMORPHA
Superfamily Cavioidea

Family Caviidae Cavia

Discussion

The significance of embryological data obtained from a study of

Sigmodon, will be analyzed in the light of trends of evolution indi-

cated by the early development of rodents (Mossman, 1937). These

trends are reviewed below.

(1) In the Rodentia there is evolution from the giant-cell ring

characteristic of primitive rodents to the "cone-shaped" ectopla-

cental cone characteristic of specialized rodents. The giant-cell ring

is a constricted region where the bilaminar yolk sac joins the chorion

and is observed in primitive Sciuroidea. In this evolutionary trend

the giant-cell ring is modified into a syncytial ectoplacental cone, and

evolutionary gradations of flat, "mushroom-shaped" or "cone-

shaped" ectoplacental cones are observed. Flat ectoplacental cones

are found in the Geomyoidea. "Mushroom-shaped" and "cone-

shaped" ectoplacental cones are found in the Muroidea. "Cone-

shaped" ectoplacental cones are observed in the Cavioidea.

(2) Gradations of inversion of the germ layers from a slightly

inverted condition to that of complete inversion are observed. This

trend is especially clear in the Sciuromorpha, where the splanchno-

pleuric yolk sac in the Sciuroidea is slightly inverted, while in the
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the definitive amniogenic region of the inner cell-mass is also inverted.

Complete inversion of the inner cell-mass characterizes the Mnroidea

and the Cavioidea. Complete inversion results in inverted amnio-

genic and choriogenic regions as well as an inverted splanchnopleuric

yolk sac.

(3) In the primitive Sciuroidea a small permanent allantoic

vesicle occurs, which functions only to vascularize the chorion in

contrast to the large endodermally lined, vesicular allantois in rep-

tiles, which is used as a reservoir for waste materials as well as to

vascularize the chorion. A nonvesicular allantoic cord characterizes

the Geomyoidea, Muroidea and Cavioidea. As in the Sciuroidea,

this allantoic cord serves only to vascularize the chorion, providing

for exchange between the fetus and the mother.

(4) The placenta seems to have evolved from a hemo-chorial type

to a hemo-endothelial type. In the hemo-chorial placenta of the Sciu-

roidea the endothelium of maternal blood vessels is destroyed and the

fetal placental villi are situated in maternal blood labyrinths. In

the hemo-endothelial placenta of the Geomyoidea, Muroidea, and

Cavioidea the syncytial and connective tissues of the chorion have

disappeared and fetal villi are separated from maternal blood only

by the endothelium of chorionic blood vessels.

(5) Amniogenesis shows a remarkable evolutionary trend in the

Rodentia. In the Sciuroidea there is a folding of the extraembryonic

somatopleure in the formation of the chorion and the amnion, as in

reptilian embryos. In the Geomyoidea two stages of evolution of

amniogenesis result from gradations of inversions: (a) Inversion of

germ layers in the Geomyidae involves only the amniogenic region of

the inner cell-mass and the splanchnopleuric yolk sac ; although small

amniotic folds fuse, an open chorionic vesicle remains; (b) Inversion

of the germ layers in the Heteromyidae involves not only the

splanchnopleuric yolk sac and the amniogenic region of the inner cell-

mass, but also most of the choriogenic region of the inner cell-mass.

A result is the closing of the chorionic vesicle. The next trend in

evolution of amniogenesis is a combination of modified folding and

cavitation in the Muroidea where cavitation produces a chorio-

amniotic cavity. Modified amniotic folds fuse to form the chorion

and amnion which divide the chorio-amniotic cavity into chorionic

and amniotic cavities and exocoelom. The final trend is cavitation

alone in the Cavioidea where the chorionic and amniotic cavities

are formed as distinct, separate cavities.
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(6) The primitive type of implantation found in the Rodentia

is eccentric and superficial, as in the Sciuroidea. In the Sciuridae

the blastocyst attaches to the ventral side of the uterine lumen in a

uterine groove and then is closed off from the rest of the uterine

lumen. In the Geomyoidea and Muroidea, implantation is eccentric

at first and finally partly interstitial, an intermediate situation. In

these groups of animals the blastocyst usually comes to be situated

in a ventral uterine groove, the blastocyst becomes closed off from

the remainder of the uterine cavity and erodes into the endometrial

tissue of this region. Interstitial implantation indicates specializa-

tion and is characteristic of the Cavioidea. In the Cavioidea the

blastocyst erodes into a sub-epithelial location in the decidua without

first being closed off in a uterine groove.

(7) The bilaminar yolk sac, which is the endodermally-lined

trophoblast of young blastocysts, persists until full-term in the

Sciuroidea. The bilaminar yolk sac disappears at approximately

mid-term in the Geomyoidea; in Muroidea the bilaminar yolk sac

disappears in the early fetal stages. The bilaminar yolk sac does not

exist in the Cavioidea.

Of the evolutionary trends discussed, these characterize Sigmo-

don: (a) Complete inversion of the inner cell-mass and the yolk sac;

(b) A spongy allantoic cord; (c) A hemo-endothelial placenta; (d)

An ephemeral yolk sac probably disappearing in early fetal stages;

(e) Amniogenesis by cavitation and folding; (f) Early eccentric

implantation followed by partly interstitial implantation and (g) A
"cone-shaped" ectoplacental cone. The expression and probable

significance in the ontogeny of these characteristics of Sigmodon are

discussed briefly below.

(a) In the early development of Sigmodon the inner cell-mass

grows deep into the blastocoel with the result that proximal endo-

derm almost fuses with distal endoderm. Furthermore, inversion in

Sigmodon embryos places the tissues which give rise to the amnion,

chorion, yolk sac and ectoplacental cone, in the inner cell-mass. Com-

plete inversion is also observed in the early development of Cricetus,

Mus, Rattus, and Microtus. Complete inversion occurs in Cavia,

but in this genus the amniogenic region is distinct from the rest of

the inner cell-mass at an earlier relative time than in the develop-

ment of the genera mentioned above. Complete inversion occurring

in the early ontogeny indicates that Sigmodon is relatively specialized

in this respect, as compared with Dipodomys and Geomys where only
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partial inversion occurs in early development. Sigmodon seems to

be highly specialized in comparison with Citellus and Sciurus in

which inversion involves only a part of the splanchnopleuric yolk

sac. Complete inversion in early ontogeny is a feature common to

Sigmodon, Cricetus, Mus, Rattvs, and Microtus which seems to con-

firm the current superfamilial classification of these genera.

(b) The allantoic cord is spongy in structure, but never vesicular

in the development of Sigmodon. This is also true in the early

development of Cricetus Mus, Rattus, Microtus, Cavia, Geomys and
Dipodomys. It is only in the development of such rodents as Citellus

and Sciurus that the allantois is vesicular. The structure of the

allantois of Sigmodon is of little value in the classification of this

genus, because a non-vesicular, cord-like allantois occurs in the early

development of genera distributed among the three sub-orders of

Rodentia. In the suborder Sciuromorpha only the superfamily Geo-

myoidea has the spongy allantoic cord in early development. How-
ever, Sigmodon seems to be relatively specialized in this respect as

compared with Citellus and Sciurus in which the allantois is vesicu-

lar.

(c) By the tenth day of development the placenta of Sigmodon

is approaching a hemo-endothelial condition. The hemo-endothelial

placenta of Sigmodon is similar to that of Mus, Cricetus, Rattus,

Cavia, Geomys and Dipodomys. Only such rodents as Citellus and

Sciurus differ from Sigmodon and they have hemo-chorial placentae.

The hemo-endothelial placenta is considered to be an indication of

specialization since it provides for a maximum facility of exchange

between the embryo and maternal tissues with a relatively small

placenta.

(d) My study did not cover a large enough interval of the de-

velopment of Sigmodon to be sure of the fate of the bilaminar yolk

sac, but the bilaminar yolk sac probably disappears in early fetal

stages. It disappears in early fetal life in Mus, Rattus, Cricetus and
Microtus. Cavia differs from Sigmodon, however, in that the distal

endoderm never appears and there is no bilaminar yolk sac. In Citel-

lus and Sciurus the bilaminar yolk is retained full-term. The probable

disappearance of the bilaminar yolk sac in Mus, Rattus, Cricetus

and Microtus may indicate a relatively close relationship of Sigmo-

don with these genera. This phenomenon seems to be an indication

of specialization because it allows the embryos to have a more intimate
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contact with maternal tissues than would be possible if the bilaminar

yolk sac remained until completion of the period of gestation.

(e) In the early ontogeny of Sigmodon, an amniotic cavity ap-

pears by cavitation in the embryonic ectoderm of the inner cell-mass,

after which a chorionic cavity appears by cavitation in the extra-

embryonic ectoderm of the inner cell-mass. The amniotic and cho-

rionic cavities immediately coalesce, and this cavity is finally divided

into the chorionic and amniotic cavities and the exocoelom by modified

amniotic folds. A similar phenomenon occurs in the early develop-

ment of Mus, Rattus, Microtus and Cricetus. The early develop-

ment of Cavia differs from the early development in Sigmodon in

that the chorionic and amniotic cavities remain separate, and folding

cannot occur. Amniogenesis in Geomys, Dipodomys, Sciurus and

Citellus differs from this phenomenon in Sigmodon in that it occurs

by folding of the extraembryonic somatopleure. Amniogenesis by

cavitation and folding seems to indicate a relatively close relation-

ship among Sigmodon, Mus, Rattus, Microtus and Cricetus and seems

to confirm the current superfamilial classification of Sigmodon as

well as relatively closely related genera. Furthermore, amniogenesis

by cavitation and folding indicates relative specialization of the

Muroidea as compared with the Geomyoidea and the Sciuroidea.

However, amniogenesis by cavitation alone indicates that the Ca-

vioidea are relatively the most specialized of rodents in this respect.

(f ) The process of implantation in Sigmodon is at first eccentric,

followed by partly interstitial implantation. Blastocysts of Sigmodon

are found in ventral uterine grooves or at least in a ventral part of

the uterine lumen. Here the blastocysts are closed off from the

uterine lumen as the decidual reaction produces a swollen implanta-

tion site. After the blastocysts are closed off from the uterine lumen,

erosion of the endometrium by the blastocyst occurs. A similar phe-

nomenon occurs in Mus, Rattus, Cricetus, Microtus, Geomys and

Dipodomys. The phenomenon of interstitial implantation provides

for close contact with maternal tissue by the fetal tissues. Cavia, on

the basis of this criterion, is relatively the most specialized of ro-

dents, for the embryo erodes into uterine tissue without being closed

off in a uterine groove. In this respect Sigmodon and genera which

have a similar type of implantation are less specialized.

(g) The nature of the ectoplacental cone is of particular signifi-

cance with reference to the classification of Sigmodon. Sigmodon, as

well as Mus, Rattus and Microtus, has a "cone-shaped" ectoplacental
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cone which consists of syncytial tissue and relatively few giant cells

and these giant cells are small as compared with primary giant cells.

Cricetus, a member of the same subfamily as Sigmodon, has a "mush-

room-shaped" ectoplacental cone consisting of cords of vacuolated

cells which gives rise to relatively small giant cells. Differences in

the ectoplacental cone in the early development of Sigmodon and

Cricetus are the only basis for differentiating between the two genera.

With respect to the nature of the ectoplacental cone Cricetus seems

to be more primitive than Sigmodon.

Generalizations concerning the hypothetical relationships of some

rodents, based on the trends of evolution as indicated by develop-

ment, are stated below and the hypothetical relationships are dia-

grammed in figure 1.

Complete ver» earlv inversion, "cone-

shaped" placenta] cone, interstitial
implantation, hemo-endothelial placenta,
no bilaminar yolk sac, allantoic cord,
amniogenesis by cavitation alone.

(Cavioldea')

"Cone-shaped"
placental cone
(Cricetidae, Siprnodon)

"Cone-shaped"
placental cone
(Cricetidae, Mlcrotus )

"Kushroom-shaped"
placental cone
(Cricetidae, Cricetus )

Complete early inversion, "cone-
shaped" placental cone, partly
interstitial placenta, hemo-
endothelial placental situation,
bilaminar yolk sac to early fetal

life, allantoic cord, amniogenesis
by cavitation and folding.

(Kuridae)

Complete moderately early inversion, flat to
"mushroom-shaped" placental cone, partly
interstitial implantation, hemo-endothelial
placenta, bilaminar yolk sac to mid-term,
allantoic cord, amnioeenesis partly by
cavitation and partly by folding.
(Hypothetical ancestors of Cavioldea and

Muroidea)

Slight inversion, plant cell ring,

eccentric, superficial implantation,
hemo-chorial placenta, bilamlnarv yolk
sac full-term, allantoic vesicle,
aiiniogenesis by folding.

(Sciuroidea

)

Complete late inversion, flat placenta cone,
partly Interstitial implantation, hemo-
endothelial placenta, bilaminar yolk sac to

mid-term, allantoic cord, amniogenesis by
folding.

(Geomyoldea)

Little or no inversion, superficial implantation,
hemo-chorial plscenta, bilaminar volk sac full-
term, allantoic vesicle, amniogenesis by folding.

(Hypothetical ancestral form)

Fig. 1. A Diagram Showing Hypothetical Relationships Among Some Rodents
Based on Embryological Data.

(1) Ontogeny in Rodentia displays variations and seeming evolu-

tionary trends which strongly indicate that the higher categories of

the current classification (Simpson, 1945) are natural groupings.

(2) Because its ontogeny is characterized by amniogenesis by

folding of the extraembryonic somatopleure, a giant-cell ring, eccen-

tric and superficial implantation, a hemo-chorial placenta, a bilaminar

yolk sac retained until full-term and an allantoic vesicle, I judge that
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the superfamily Sciuroidea is one of the most primitive groups of

rodents.

(3) Because of amniogenesis by degrees of folding, complete

inversion of the splanchnopleure yolk sac and gradations of inversion

of the inner cell-mass, a flat ectoplacental cone, and a bilaminar yolk

sac until mid-term, it seems that the Geomyoidea occupy an inter-

mediate evolutionary position and may possibly have been the source

of rodents now classified in the suborders Myomorpha and Hystrico-

morpha.

(4) Because of complete and extreme inversion of the amniogenic

region of the inner cell-mass, interstitial implantation, an absence

of a bilaminar yolk sac, and amniogenesis by cavitation alone, the

Cavioidea seem to be the most specialized group of rodents.

(5) Because Sigmodon, Cricetus, Microtus, Mus and Rattus are

characterized by partly interstitial implantation, a bilaminar yolk

sac until early fetal stages and amniogenesis by cavitation and fold-

ing, embryological criteria confirm the current superfamilial classi-

fication of these genera.

(6) Sigmodon, Microtus, Mus and Rattus may be more closely

related than current classification indicates, since they are similar

in all observed developmental characteristics.

(7) The relative specialization of Sigmodon as compared with

Cricetus is indicated by the appearance of a "cone-shaped" ecto-

placental cone in early ontogeny of the former and a "mushroom-
shaped" ectoplacental cone in early development of the latter.

The use of embryological data in phylogenetic studies of the Ro-

dentia is limited because the development of relatively few rodents

has been investigated, the evolution of the morphology of embryonic

characteristics is conservative, and differences between groups of

rodents are small, particularly on the subfamilial level or lower, and
because it is difficult to detect convergent or parallel evolution.

In the suborder Hystricomorpha, the development of Cavia alone

has been investigated. In the suborder Myomorpha, the development

of Cricetus, Mus, Rattus, Microtus and Sigmodon has been investi-

gated. The ontogeny of Peromyscus, Fiber, Neotoma and Reithro-

dontomys has been so slightly investigated that the information from
these genera is of only limited value. Among the Sciuromorpha, the

development of Sciurus, Citellus, Geomys and Dipodomys has been

investigated. The ontogeny of a few other rodents such as Castor

and Tamias has been investigated less thoroughly. Most of the
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investigations concerned with ontogeny in genera of the Sciuro-

morpha have been done with uteri collected and preserved in the

field and these investigations have been concerned mostly with fetal

membranes. The use of well-preserved uteri taken from rodents

which have been trapped in the field is adequate for understanding

the ontogeny and morphology of the fetal membranes where age of

embryos is not especially important. This eliminates the time-

consuming work of learning how to raise various native rodents

in the laboratory. Embryologists and collectors of mammals could

well cooperate more frequently in order to add to a knowledge of

the comparative embryology of rodents.

Summary

1. Ontogeny in Rodentia displays variations and evolutionary

trends which strongly indicate that the higher categories of the cur-

rent classification (Simpson, 1945) are natural groupings.

2. The superfamily Sciuroidea of the suborder Sciuromorpha

contains the most primitive rodents.

3. The superfamily Geomyoidea of the suborder Sciuromorpha

occupies an intermediate evolutionary position and might possibly

have been the source of the rodents which are classified in the sub-

orders Myomorpha and Hystricomorpha.

4. The Cavioidea of the suborder Hystricomorpha are among the

most specialized rodents.

5. Embryological criteria confirm the current superfamilial classi-

fication of Sigmodon, Cricetus, Microtus, Mus and Rattus.

6. Sigmodon, Microtus, Mus and Rattus may be more closely re-

lated than current classification indicates.

7. Sigmodon is relatively specialized as compared with Cricetus.
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A Comparison of Soil Chromobacteria with Strains

from other Sources, with Reference to the Bergey

Scheme for Classification

William A. Corpe*
Dept. of Biology, Western Kentucky State College,

Bowling Green, Kentucky

Introduction

UOME time ago the author isolated a number of Chromobacterium

strains from various field and garden soils by an enrichment method

(Corpe, 1951). None of the strains isolated seemed to compare favor-

ably with the descriptions of the species of Chromobacterium in Ber-

gey 's Manual (Breed et al., 1948).

Chromobacteria have been isolated from water, surface and deep

wells (Grimes, 1930; Cruess-Callaghan and Gorman, 1935; Ward,

1898), sewage effluent (Jordan, 1890), feces of the oriental roach

(Longfellow, 1913), diseased water buffalo (Wooley, 1904), and from

human infections ( Schattenberg and Harris, 1941; Black and Sha-

han, 1938). It is common knowledge in many laboratories that

chromobacteria appear from time to time on agar plates inoculated

with soil or water.

Cruess-Callaghan and Gorman (1935) isolated a number of

strains which seemed to defy identification by the available schemes

for classification. These workers gathered together as many strains

as possible for the purpose of making a study of the group, with

a plan of reorganization of the classification scheme. Their work

became the basis for the key to the genus appearing in the present

Bergey Manual.

The plan of the present work was to make a brief comparison of

the isolated soil strains with historical cultures and those from sources

other than soil.

* Present address. Department of Bacteriology, Pennsylvania State University, State
College, Pennsylvania.

Transactions of the Kentucky Academy of Science, 15 (1-2) : 11-19. July, 1954.
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Cultures

A number of Chromobacterium cultures were received from

various laboratories for comparison with the soil strains. A list of

the cultures studied, their source, and place and date of isolation

if known are shown in Table I. Some of them were labeled Chromo-

bacterium violaceum (7461, 6357, 553, 7917) or Bacterium violaceum

(17, L674, L91 ), others Chromobacterium amethystinum (MG 2.1, MG
2.2) and one merely as Chromobacterium spp. (7150). Strain 17 was

considered by Cruess-Callaghan to be Bacterium violaceum sensu

stricto. Strain L91 was identified by him as Bacterium membranaceum
amethystinum Eisenberg (Kluyver, personal communication). All

strains described in this paper produced an alcohol-soluble, violet

pigment, which was not soluble in water or chloroform, which is in

accord with Bergey's concept of the genus.

The strains from other sources were studied to see if they would

fall into any of the described species so that some criterion other

than the literature descriptions would be available for actual com-

parison.

Media and Methods

The stock cultures of all strains were maintained on 1% tryptone or

peptone agar slants with the exception of strain 2, which was kept on Difco

starch agar. Transfers were made of stock cultures every 2 weeks. All

cultures were incubated routinely at 25-28C° unless otherwise stated. The

methods employed in this study are in general those described in the Manual

of Methods for the Pure Culture Study of Bacteria (1948).

Gram stains were done on smears prepared from 18-24 hour cultures by

the Hucker Modification of the Gram staining technique, and approximate

measurements were made on cells in these smears. The motility of each

culture was determined in a hanging drop slide, as soon as visible growth

appeared on the surface of 1% peptone agar. Flagella stains were made
by the Leifson technique (Leifson 1951).

Colonial morphology was studied on 1% peptone agar and plain nutrient

agar. Pigment production was studied on plain nutrient agar, 1% tryptone

agar, 1% peptone agar, potato slices, and on sterile rice grains in distilled

water, in petri dishes.

The effect of temperature on the growth of all strains was tested by
inoculating tubes of glucose tryptone broth with one culture loop of a 24-

hour broth culture and incubated at various temperatures for a period of

2 weeks. The development of turbidity as judged by comparison with an
uninoculated control tube constituted a positive test.

Agar shake cultures were made to determine the requirement of free

oxygen for growth and pigmentation by all strains. Tests for indole forma-
tion, production of hydrogen sulfide and citrate utilization were done by
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TABLE I

Sources of the CHROMOBACTERIUH Strains Studied

Strain No. Isolated from Remarks

la, lr, ISnb,
71b, 71c, 71d

2, 21a,

, 76a, 78a. Soil From soils of southern Kentucky, April

1951-July 1951.

D 3 Soil Isolated in the author's laboratory by Mr. T.
Denton, July 1951.

Ind... Soil

SoilL12&, Ljb L2c, L3b From central Michigan, May 1951.

K2 Soil Found growing on a piece of white bread
which had been lying on the surface of

moist soil, Feb. 1953.

17*.... River water From the River Maas, by T. Flompers, 1931.

Isolated by W. L. C. Veer, 1936.T * Decomposing
coconut, ex-

posed to air.

L * River water

Unknown

Isolated from the River Maas, 1931.

MG2.1, MG 2.2* Deposited at Hopkins Marine Station, Pacific

Grove, Calif., from Mills College.

7917... Unknown Isolated by V. G. Collins, deposited in

NCTC, London, 1949.

7150... Water Isolated by Hannay, deposited in NCTC,
London, 1946.

7461 . .

.

River water Isolated by M. P. Lewitis from Charles River
water, deposited in ATCC by W. C. Tobie.

553.... Unknown Deposited by L. F. Rettger, in ATCC.

Isolated by J. Shahan, deposited in ATCC6357 Human lesions

by Dr. Sara Branhan.

*The author wishes to thank Dr. A. J. Kluyver, at Delft, Netherlands, who donated strains 17, Le74, and Lai, and
Dr. C. B. Van Niel, Hopkins Marine Station, Pacific Grove, California, who supplied MG 2.1 and MG 2.2 for this study

the usual techniques. Nitrate reduction, was tested by the method of ZoBell

(1932).

The hydrolysis of gelatin was tested by streaking nutrient agar plates

containing 0.4% gelatin. In the latter method (Smith, 1946) the plate was

flooded with acid-mercuric chloride after incubation and zones of hydrolysis

were recognized as clear areas around the growth. Tests for casein hydroly-

sis were done by mixing 1% sterile skim milk with plain nutrient agar in

petri plates. These were inoculated, incubated for 2 weeks, and observed

for clear zones of hydrolysis. The digestion of egg albumen was tested by
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placing a small cube of sterile coagulated egg albumen, which had been

washed free from yolk, into a small quantity of sterile tap water. Growth

and hydrolysis was observed for 1 month. Acid production from the follow-

ing carbon compounds was tested on 5 different occasions: arabinose, rham-

nose, xylose, glucose, fructose, galactose, mannose, lactose, sucrose, maltose,

trehalose, cellobiose, melezitose, raffinose, starch, inulin, glycerol, mannitol,

sorbitol, dulcitol, adonitol, inositol, salicin. Each carbon source was added

aseptically to a synthetic medium after having been filtered through a Seitz

filter, candle filter, or sterilized in an Arnold sterilizer. The composition of

the synthetic medium used was that of Ayers et al. (1939). It contained

NH4H2P04 0.1%, MgS04
• 7H2 0.02%, KC1 0.02%, agar 1.5%, and

distilled water 1000 ml.

Results

All strains tested were Gram negative, though a few strains from

time to time showed the presence of Gram positive granules. The

appearance of these granules was not a consistent feature and could

not be correlated with the age of the culture or any particular cul-

tural condition tested. Occasionally spore-like bodies were seen in

stained smears of the soil strains, but spores could not be demon-

strated. Similar results were obtained by Ward (1898) in violet

bacilli isolated from the Thames.

The cells of all strains were less than one micron in width but

those of most soil strains were shorter and thicker than strains from

other sources. Most cells were grouped in pairs, less often in chains

or single cells. All strains were actively motile in hanging drop

slides and showed either monotrichous or peritrichous flagellation.

Soil strains with the exception of K2 produced a gelatinous growth

on common media. Strains L674, L$>i, MG 2.1, MG 2.2, and K2 fre-

quently produced a membranous growth on agar and broth. Both

soil strains and the membrane-forming strains showed considerable

variation in colonial morphology.

The membrane-forming strains as well as gelatinous ones showed

some irregularity in flagellation. A few cells in an occasional smear

were definitely peritrichous. More frequently "false peritrichous

flagellation" appeared, which apparently occurred when the matrix

material in which the bacteria were embeded peeled away incom-

pletely from the cells, giving them a fuzzy appearance. Close ob-

servation of many stained smears revealed a single flagellum of

greater thickness than the "peelings" of matrix. Strain K2 seemed

to be an exception because it was uniformly peritrichous. In no

instance could capsules be demonstrated.
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Strains 6357, 553, 7461, 17, 7150, and 7917 produce butyrous or

viscid growth on agar, which could be dissolved completely when

placed in distilled water. These strains showed little tendency to

undergo variation in colonial form.

Good pigmentation was obtained in all strains except MG 2.1.

All soil strains were well pigmented on 1% peptone and 1% gelatin

agar. Strain 17 produced only moderate amounts of pigment on

1% peptone, but on peptone-glucose agar good pigmentation was

obtained. Pigmentation by soil strains has been shown by the author

(Corpe, 1953) to be especially affected by the type of medium used

for culture. In every case best pigmentation was obtained when

the organisms were cultured near the optimum temperature for

growth. None of the strains grew well or produced pigment under

reduced oxygen tensions as determined by the agar shake culture

method.

All strains utilized citrate. None produced hydrogen sulfide or

indole. All reduced litmus, and all but L/674 and 7150 produced pro-

teolysis in milk, after extended incubation. Strains 17, L91 , and K 2

proteolized milk very slowly. None produced a noticeable curd.

The soil strains with the exception of K2 rapidly and completely

reduced nitrate to nitrogen gas. In the nitrate medium containing

0.1% agar, gas is trapped, and by the end of the first 24 hours of

incubation the inoculated tubes were completely filled with bubbles.

The only other strains to show reduction to nitrogen gas were strains

MG 2.1, MG 2.2, and L674 , though at a much slower rate. All other

strains reduced nitrate to nitrite with varying rapidity. A summary
of morphological and cultural characteristics of the strains tested are

shown in Table II. The ability of the strains to produce acid from

various carbohydrates and polyhydric alcohols was determined, and

the results of these tests are shown in Table III. These results repre-

sent at least five separate determinations made over a period of two

years. Inoculations were made in duplicate at each determination.

If the culture showed the production of acid on the medium tested

on any occasion, and if the test could be immediately repeated, a posi-

tive test for acid production was awarded.

Discussion

The results presented in this paper show that the principal charac-

teristics used to separate the species of the genus Chromobacterium

in Bergey's Manual do not hold for the majority of strains studied.
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The characteristics are, type of flagellation, nitrate reduction, acid

production from glucose and maltose, and growth at 37C. Although

it is possible to fit certain of the cultures into the Bergey key as it

now stands, the majority of the strains cannot be identified using

the present scheme.

Cruess-Callaghan and Gorman (1935) pointed out that Bacterium

violaceum amethystinum (Chromobacterium amethystinum) usually

produced a single polar flagellum, but occasionally stained smears

showed a few peritrichously flagellated cells. The writer concurs

with these findings, using strains L91 , MG 2.1, and MG 2.2 as ref-

erence. The description in Bergey 's Manual causes one to believe

that Chromobacterium amethystinum is generally peritrichous, which

is misleading.

In a recent paper, Leifson and Hugh (1953) indicated that the

flagella of certain species of flagellated bacteria can undergo varia-

tion in form and arrangement. Observations reported here indicate

that similar variation may occur in the chromobacteria and that the

arrangement of flagella should be given a less important place in the

TABLE II

A Few Morphological and Cultural Characteristics of
CHROMOBACTERIUM Strains

Flagellar

arrange-

ment*

Type of

growth on
nutrient

broth** Gelatin Casein

Egg
Albu-
men Starch

Nitrate

reduced
to

Temperature (°C)

4-6 10-12 30C S5C 37C 40C

21af

2

K2

Ind, D3

17

M

M

P
M

M
M?

M?

Mr

p
M
P
M

G

G

Me
G

S

Me

Me

Me

S

S

S

S

+

+

+
+

4

+

4

4

H

4

4

4

4
4

+

4

+

4

+
4

+

4

+

4

4
4

4

+

+

Nitrogen

gas

Nitrogen

gas

Nitrite

Nitrogen

gas

Nitrite

Nitrogen

gas

Nitrite

Nitrogen

gas

Nitrite

Nitrite

Nitrite

Nitrite

+

4

4

4

4

4
4

4

4
4

4
+

4

4

4
4

+

+

+
+

+
+

4

+

4
4
4
+

+

+

+

+
+

+

+
+

-

Le74

L91

MG 2.1,

MG 2.2

7917

7150

7461,6357..

553

+
+

*M—Monotrichous, P—Peritrichous, M?—usually monotrichous but occasionally a few cells in smear show
peritrichous flagella.

**G—gelatinous tough & thick Me—membranous usually S—light to heavy surface growth
growth not cloudy. wrinkled and adherent, which is easily disrupted when

broth cloudy. tube is shaken, broth cloud>.

tRepresentative of soil strains, lr, lSnb, 71b, 71c, 76a, 78a, L2a, L2b, L2C, Lab
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TABLE III

Acid Production from Various Carbon Compounds
by Strains of CHROMOBACTERIUM

Carbon compounds

Culture
No.

CD
co
O
a

03
H<

to
co
O
a
£
03M
3

V
CO

X

CD
co
O
5

3

CD
DO
O
-*>

O
=)

CO

O
CJ
3
13
O

CDm
O
a
a

3

CD
3
O

03

ID

O
UO
D
02

CO
O

*o3

CO

13
.4
cdC
H

CO

d

03

O
u,
a>
u
>>

O

+
+

"0

'2

3
a3

3

+
+

+
+
+

CO

21a*
2 +

+
+

+
+
+

+

+

+
+
+

+
+
+
+
+
+

+
+
+
+
+

+
+

+
+
+
+

+
+

+
+

+
+
+
+

+

+
+

+
+
+

+

+

+
+

+

+

+
+

+
+

+
+

+
+

+
+

+
+

-

K2

17

L674

L91

MG2.1,
MG2.2..

7917
7150
7461, 553..
6357

+
+

+
+
+

+Acid production, —no acid production. No acid was produced from any of the following: cellobiose, melezitose,
starch, inulin, adonitol, dulcitol, inositol, salacin.

*The same results were obtained from the following soil strains: lr, lSnb, 21a, 71b, 76a, 78a, L2a, L^b, Lac, L3b|
D3, Ind.

taxonomic key, at least until more study can be done on a greater

number of strains.

Another point of separation in Bergey 's key is whether growth

occurs at 37°C or not, which is used to separate Chromobacterium

ianthinum from Chromobacterium amethystinum. Strains 553, 7461,

and 6357 form a fairly homogeneous group, and in most ways are

similar to Chromobacterium ianthinum. Strain 553, however, has

only a single flagellum, and all three strains were able to reduce

nitrates to nitrites slowly, which is in disagreement with the Bergey

scheme.

The Bergey key indicated that Chromobacterium amethystinum

generally does not ferment glucose. In the present study, strains

most similar to this species are usually able to ferment glucose and
a wide variety of other carbohydrates. The literature gives perhaps

a true impression that the genus as a whole contains rather poor

fermenters. Their acid-producing abilities compete poorly with

their ability to deaminate amino acids with the production of am-
monia and other basic substances. Acid production by these bacteria

should be tested using a synthetic medium containing ammonium
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salts as the sole source of nitrogen. Media described in the litera-

ture for testing acid production by chromobacteria was described

merely as "broth." Though the composition was not explained, it

is assumed to mean meat extract and/or some protein hydrolysate.

Because of the great variation which seems to occur in the fer-

mentative abilities of some strains, it is doubtful that single fermenta-

tion reaction should be given an important place in the taxonomic

key.

The ability of bacteria to reduce nitrate to nitrogen gas has never

been accorded much taxonomic significance in species differentiation,

over and above reduction to nitrite. It seems to be important only

as a matter of degree of reduction.

It is clear that the value of any key proposed will be judged by

the number of cultures studied prior to its construction. Variations

must be taken into account, which will require a complete study of

possible characteristics to be used for separation, deciding which are

stable and which are not.

Summary

A comparison of soil chromobacteria with strains from other

sources has been done, using the Bergey classification scheme as a

point of reference.

The soil strains were shown to be different from the majority of

the other strains tested in that they produce a gelatinous growth on

common media, hydrolize starch, and reduce nitrate to nitrogen gas.

There are irregularities which exist in the present Bergey 's scheme

of classification, so that placement of the soil strains into any of the

three described species is impractical.
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A Quick Microtechnique for the Brilliant-Green

Lactose Bile Confirmed Test

Rhodes Q. Stuart and R. H. Weaver
Department of Bacteriology, University of Kentucky, Lexington, Kentucky

Ohortening of the time required to obtain the results of tests for

coliform organisms in water and reduction of the amounts of mate-

rials used in the tests is often important in public health work. With

this in mind a quick microtechnique for the confirmed test has been

developed using the principle of utilizing large inocula in small

Transactions of the Kentucky Academy of Science, 15 (1-2) : 19-23. July, 1954.
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amounts of media as proposed by Arnold and Weaver, 1948, and
Hannan and Weaver, 1948.

Experimental

In the test, 5 x 50 mm microtubes are filled 1/3 full with portions

of broth cultures from positive or doubtful presumptive tests and
placed in a micro-serological-tube rack which is then set in a 37 C
water bath. The tubes are now filled to the 2/3 level with brilliant-

green lactose bile broth containing 10 per cent bile, which has been

preheated to 37 C. Finally, the remaining space in the tubes is

filled with sterile 1 percent melted agar which is at 50 C. After

the agar becomes solid the tubes are inverted and immersed in the

water bath. In our work we have examined the tubes at 15 min
intervals for the first hours and at the end of the third and fourth

hours for bubbles of gas. We also have examined them after 5 and

6 hr periods of incubation but we found this to be undesirable.

The microtubes may be adequately "sterilized" by placing them

in a beaker of distilled water and boiling for 15 minutes.

Capillary pipettes may be employed for filling the microtubes.

We make these to have a length of approximately 6 inches, including

3 inches of capillary. We plug the bulb end of the pipettes with

cotton and pierce the pipettes through a paper cover that has been

placed across the open end of a number 2% can and secured in place

with a string. After approximately 10 pipettes have been placed

in a can the ends of the pipettes may be protected by a piece of

wrapping paper. They may then be sterilized in the hot air oven.

Medicine dropper bulbs may be placed on the pipettes wheii they are

to be used.

In the preparation of the medium, a solution containing 2 per-

cent bacto-peptone, 20 percent bacto-oxgall and brilliant green in a

concentration of 1 :2,500 is made. It is adjusted to pH 7.3 by poten-

tiometric methods, tubed in 25 ml amounts and sterilized in the auto-

clave. When the medium is to be used, a 25-ml portion of the solu-

tion is mixed with a sterile 25-ml portion of 10 percent lactose solu-

tion to give a medium containing 1 percent peptone, 10 percent bile,

5 percent lactose and brilliant green in a concentration of 1 :5,000.

The final pH should be adjusted, if necessary, to 7.1-7.4.

It is essential that the portion of the presumptive culture that is

used as the inoculum and the medium be at 37 C when the confirmed

test cultures are prepared, otherwise false positive results are pro-
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duced by the liberation of gas in the tubes when they warm up to

the temperature of the water bath.

If completed tests are to be made from tubes which give positive

confirmed tests with the microtechnique, the agar cap may be loosened

by heating the end of the tube carefully with a small flame. After

removal of the agar, streaks may be made in the usual fashion on

eosin methylene-blue or Endo agar.

The approximate optimum concentrations of ingredients in the

medium and other conditions for the tests were arrived at in pre-

liminary experiments that will not be described in detail.

The efficiency of the microtechnique that had been developed was

tested on 162 water samples. Many of these samples had been stored

in the laboratory for one or more days or had been taken from

sources known to give false positives, in order to provide as stringent

a test as possible for the procedure. Presumptive tests were made

with lactose broth according to the procedure of Standard Methods

for the Examination of Water and Sewage, Ninth Edition, 1946. Con-

firmed tests were run in duplicate with the microtechnique and with

the Standard Methods macrotechnique from all positive and doubt-

ful presumptive tubes. The microtechnique was performed as has

been described and also using a medium containing half as much
bile (5 percent). Completed tests were run by Standard Methods

procedures from all positive confirmed tests. Eosin methylene-blue

agar was used for streaking.

The results of confirmed tests from 63 positive presumptive tubes

are summarized in Table I. Confirmations were obtained with the

Standard Methods procedure in 62 cases and with both the 5 percent

and 10 percent brilliant-green lactose bile broths by the microtech-

nique in all 63 cases. Completed tests showed all confirmed tests

to be due to coliforms.

Twenty-four hours was required to obtain the results of the con-

firmed tests when the Standard Methods procedure was used. In

contrast to this, positive confirmed tests were obtained by the micro-

technique in 15 minutes from 42 of the 63 samples tested, and in 30

minutes from 51 of the 63 samples. Positive results from all 63

samples were obtained in 4 hours.

The results of the confirmed test with 99 water samples that

yielded doubtful presumptive tests are summarized in Table II. Here

it can be seen that the Standard Methods procedure yielded 47 posi-



22 Rhodes Q. Stuart and B. H. Weaver

Table I. Besuets of Micro Confirmatory and Macro Confirmatory Tests
From Positive Presumptive Tests

Number False

of Number Confirmed confirmed
positive Number of Tests tests (not

Medium pre- of positive negative due to due to

sumptive confirmed confirmed coliform coliform

tests tests tests organisms organisms)

Standard Methods Brilliant-

Green Lactose Bile Broth 63 62 1 62 None
5 Percent Bile

Medium with Microtechnique . . 63 63 None 63 None
10 Percent Bile

Medium with Microtechnique . . 63 63 None 63 None

tive confirmed tests, of which 23 proved to be due to coliforms

according to the completed tests and the microtechnique yielded 36

positive confirmed tests with each medium, including 20 which proved

to be due to coliforms when the 5 percent bile medium was used and

23 when the 10 percent bile medium was used. Although the same

number of positives due to coliforms was obtained by the Standard

Methods procedure and by the microtechnique with the 10 percent

bile medium, 3 samples were positive by the Standard Methods pro-

cedure that were negative by the microtechnique and 3 others were

positive by the microtechnique although they were negative by the

Standard Methods procedure. With the microtechnique using the

10 percent bile medium, 9 of the 23 positive confirmed tests that

proved to be due to coliforms were positive within 15 minutes, 13

within 30 minutes and 21 within 4 hours ; 2 being positive only after

6 hours. Of the 13 positives that proved not to be due to coliforms,

9 were positive only after 6 hours. From these results it was con-

cluded that the confirmed test could be terminated profitably after

4 hours.

The 5 percent bile medium proved to be slightly less reliable than

the 10 percent bile medium.

The results of these studies show the microtechnique as described

to be as reliable as the Standard Methods procedure if judged by the

number of positive results that are obtained which prove to be due

to coliforms according to the completed test. It appears to be slightly

superior if judged by the number of false positive confirmed tests

obtained. The time required for the test has been shown to vary

from 15 minutes to 4 hours (in two cases, 6 hours) as compared to

24 to 48 hours for the Standard Methods procedure.
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Table II. Results of Micro Confirmatory and Macro Confirmatory Tests
From Doubtful Presumptive Tests

Number False

of Number Confirmed confirmed
Doubtful Number of Tests tests (not

Medium pre- of positive negative due to due to

sumptive confirmed confirmed coliform coliform

tests tests tests organisms organisms)

Standard Methods Brilliant-

Green Lactose Bile Broth 99 47 52 23 24
5 Percent Bile

Medium with Microtechnique . . 99 36 63 20 16

10 Percent Bile

Medium with Microtechnique. . 99 36 63 23 13

Summary

A quick microtechnique has been described for the brilliant-green

lactose bile confirmatory test for water analysis. Testing of the

microtechnique on 162 water samples showed it to yield results that

were slightly more accurate than those obtained with the procedure

of the Standard Methods for the Examination of Water and Sewage,

Ninth Edition, 1946, in that less false positives were produced. The

use of the microtechnique resulted in the saving of one to two days

in the time required to obtain results and in a considerable saving

of materials.
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Additions to the Moss Flora of Kentucky

Howard A. Crum
Department of Biology, University of Louisville,

Louisville, Kentucky

lVlosT of Kentucky has been continuously available to plants since

the Paleozoic and has doubtless provided refuge for a number of

temperate and tropical floras migrating as a result of geologic and

climatic vicissitudes. Accordingly, one might expect to find many
relicts from the Tertiary and Pleistocene floras in Kentucky at the

present time.

Unfortunately, however, many parts of Kentucky have been

scarcely surveyed botanically (Davies, 1953). Records of Kentucky

bryophytes are particularly scarce. Fulford and Shacklette's pre-

liminary checklist (1942) of Kentucky mosses includes 183 species,

varieties and forms, based on a mere 800 collections. The fact that

no collections were known from Jefferson, Oldham, Bullitt or Hardin

counties, all in the vicinity of Louisville and in one of the most acces-

sible parts of the state, illustrates the extent to which the moss flora

has been investigated.

The mosses in the following list have not been reported previously

from Kentucky. Mrs. Virginia S. Bryan, Dr. Geneva Sayre, Dr.

Winona H. Welch, and Dr. L. E. Anderson have given critical

opinions on some of the determinations.

Fissidens bushii Card. & Ther. On soil, Iroquois Park, Louisville,

Jefferson Co., P. A. Davies et al. 18, Feb. 7, 1932; on soil, Covered

Bridge Boy Scout Camp, Oldham Co., Crum 2553, Jan. 1954; on

floor of forest, Jefferson Hill, Jefferson Co., Crum 2578, March 5,

1954 ; on soil in pine-juniper woods, about 5 mi. N. E. of Shepherds-

ville, Bullitt Co., Crum 2610, March 7, 1954. Grout (1943) gave the

distribution of F. bushii as Ontario, Vermont, Pennsylvania, Mis-

souri, North Carolina, and Georgia. Dr. L. E. Anderson has told

me that the species is common in southeastern United States.

Pleuridium acuminatum Lindb. On hard-packed soil at edge of

path, sunny place of top of knob just north of Tom Wallace Lake,

Crum 2645, May 9, 1954. No definite statement of the range of P.

acuminatum is available, perhaps because of a general confusion be-

Transactiong of the Kentucky Academy of Science, 15 (1-2) : 24-26. July, 1954.
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tween this species and the closely related P. subulatum (see Grout,

1936), but it would appear that the species is known from relatively

few scattered localities in eastern North America and in California,

as well as in Europe.

Bryoxiphium norvegicum (Brid.) Mitt. On siliceous boulder,

Red River Gorge, Powell Co., A. J. Sharp 12, June 1947. An in-

teresting review of the distribution of B. norvegicum, and the possibil-

ity that it may be an interglacial relict in northeastern North

America was recently published by Love and Love (1953).

Eucladium verticillatum (Bridg.) Jur. Ceiling of a cave under

a waterfall, near Fords Ferry, Crittenden Co., H. T. Shacklette &
G. Een, Apr. 1, 1950. Characteristically found on wet rocks or in

the trickle of springs in calcareous areas, in rather few scattered

localities in the United States and northern Mexico.

Grimmia apocarpa var. nigrescens Mol. On exposed rock, cedar

glade, near Cedar Creek, east of Shepherdsville, Bullitt Co., Crum
2529, Dec. 1953; 2566, Feb. 27, 1954. The only American locality

cited in Grout 's Moss Flora of North America is the Gaspe Peninsula

of Quebec, but Dr. Sayre wrote me that she has seen specimens from

Nova Scotia, Maine, Pennsylvania, and Ohio, as well.

Nanomitrium synoicum (James) Lind. On a muddy flat, St.

Helen's [now Shively], Jefferson Co., Sims, Quimby, Gibbons &
Bishop 2, Oct. 24, 1931. Probably often overlooked because of its

minute size and ephemeral habit of growth, A7
, synoicum has also

been collected in a few localities in Connecticut, New York, New Jer-

sey, and Florida (Grout, 1935).

Amblystegiella confervoides (Brid.) Loeske. On shaded rocks,

Cedar Creek, about 5 mi. E. of Shepherdsville, Bullitt Co., Crum
2515, Dec. 1953; 2560, Feb. 27, 1954; on rock, Covered Bridge Boy
Scout Camp, Oldham Co., Crum 2547, Jan. 1954. Grout (1932) said

that A. confervoides is "infrequent and local" in "New England,

southeastern Canada, Ontario, along the Great Lakes and in the

Rocky Mts. " It is probably often overlooked because of its small

size and modest appearance and is perhaps not so uncommon as it

appears to be.

Fontinalis biformis Sull. Attached to rocks, submerged in a

swift stream, Cedar Creek, Bullitt Co., H. Bishop, May 1, 1941.

Previously known from Ohio, Indiana and possibly from Wisconsin

(Grout, 1934).
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Two New Species of Typhlocybine Leafhoppers
From North America (Homoptera, Cicadellidae)

Paul J. Christian

Department of Biology, University of Louisville,

Louisville, Kentucky

VV hile working on the species of the genus Empoa in preparation

of a revision of the North American species of Typhlocyba and its

allies (Christian, 1953), the author saw several specimens with a

broad median band and a few spots of brown color along the cross-

veins, which appeared to be a new species. Because the number of

specimens was small it was decided that the description of this species

should be delayed until a good series was at hand. Since then a long

series of specimens of this species, collected from red oak (Quercus

rubra L.) by D. F. Bray (Bray and Triplehorn, 1953) has been seen.

This series is of particular value since it was collected over a period

of time from June 4 to August 21 and contains specimens of both

sexes showing all degrees of intensity of coloration through two gen-

erations.

Empoa rubricola sp. n.

Diagnosis. Resembling Empoa casta (McAtee) in having a brown

transverse median band of color and a series of brown spots along the

cross-veins, but lacking brown pigment on the scutellum; also re-

sembling Empoa caryata Christian but easily distinguished from both

of these by the greater width of the median band of color.

Transactions of the Kentucky Academy of Science, 15 (1-2) : 26-29. July, 1954.
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Length. 3.25 mm. to 3.5 mm.
Color. Head, pronotum, and scutellum light yellow to whitish

yellow, yellow orange on deeply pigmented specimens. Fore wings

light yellow with dark brown transverse median band one half as

broad as width of wing, with traces of dark brown spots in apices

of second and third basal cells along cross-veins, and in bases of first,

second, and fourth apical cells along cross-veins; all of third apical

cell darkly fumose, spots in apical group reduced or absent on some

mature specimens; ground color of wing deep yellow to yellowish

white, areas anterior to cross veins basad of dark spots whitish hya-

line. Abdomen light yellow with terga of segments underlying

median band also brown.

Male genitalia. As in other species of the Casta Group of Empoa.

Types, holottpe: male (346*) from red oak, Wilmington, Delaware,

Aug. 14, 1951; coll. Dale F. Bray, allotype: female (425) from red oak,

Wilmington, Delaware, Aug. 21, 1951; coll. Dale F. Bray. Both holotype

and allotype in the Snow Entomological Collections of the University of

Kansas.

parattpes : From Wilmington, Delaware ; coll. D. F. Bray ; from red

oak unless otherwise indicated; in the Snow Entomological Collections, Uni-

versity of Kansas. Males : 74*, 84, June 4, 1951 ; 107, June 12, 1951 ; 131,

June 20, 1951; 362, 367, Aug. 8, 1951; 399, Aug. 14, 1951; 419, 427, 428,

Aug. 21, 1951. Females: 116, June 12, 1951; 135, 142, 144, June 20, 1951;

157, 167, June 26, 1951; 331, 332, 333, July 31, 1951; 253 (pin oak), July

16, 1951; 365, 369, Aug. 8, 1951; 388, Aug. 14, 1951; 418, 426, Aug. 21,

1951. One lacking abdomen: 145, June 20, 1951. From Brockville, On-

tario; Coll. W. Metcalf; from Quercus sp. ; in the Colorado Agricultural

and Mechanical College Collection, Fort Collins, Colorado. Five males,

one female: Aug. 12, 1903.

From Milwaukee, Wisconsin; coll. P. J. Christian; in the University of

Louisville Collection. One female : Aug. 26, 1952.

The author has also received a series of specimens of a species of

the genus Edwardsiana which differs from all previously described

species. Although this new species resembles E. euphrante (Mc-

Atee), to which it keys in the above mentioned revision, it may be

distinguished from E. euphrante by certain characteristics set forth

below.

Edwardsiana alcorni sp. n.

Diagnosis. Resembling Edwardsiana euphrante (McAtee) in body

color, in shape of aedeagus, and in general contour of posterior mar-

* Numbers refer to the collector's field records.
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gin of pygofer but differing in having lateral apical processes of

aedeagus greatly reduced, appearing thornlike, and in having ventral

posterior angle of pygofer roundly produced ventrally.

Length. Male 3.75 mm. Female 4.0 mm.
Color. Head, pronotum, scutellum pale yellowish white. Fore

wings whitish hyaline, apical cells and areas anterior to cross veins

in inner three basal cells slightly funose. Abdomen yellowish white.

Genital capsule. Male pygofer, in lateral aspect, with posterior

margin slightly slanting ventrocaudad ; dorsal angle slightly pro-

duced; ventral angle strongly rounded with a small distinct apically-

rounded caudally-directed hook; male plate as in other species of

the genus. (Fig. 1.)

Edwardsiana alcomi

Fig. 1. Left side of male pygofer, lateral aspect. Fig. 2. Right style,

ventrolateral aspect. Fig. 3. Connective, ventral aspect. Fig. 4. Aedeagus, left

lateral aspect. Fig. 5. Aedeagus, anterior aspect.

Internal male genitalia. Aedeagus with shaft slightly tapering

to apex, with two pairs of unbranched apical processes; the lateral

pair directed laterad, greatly reduced to thornlike projections visible

only under 16 mm. objective of microscope or greater magnification;

median pair nearly straight, parallel, directed ventrocaudad toward

the base of aedeagal apodeme, one-fourth as long as vertical portion

of aedeagal shaft. (Figs. 4 and 5.) Connective and styles without

distinctive features. (Figs. 2 and 3.)

Types, holotype : male ; allotype : female ; pabatypes : six males and
four females. All from Dazadeash Lake, Yukon Territory, July 31, 1951

;

coll. J. R. Alcorn; in the Snow Entomological Collections of the University

of Kansas.
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Studies on a Kentucky Knobs Lake

I. Some Environmental Factors

Gerald A. Cole

Department of Biology, University of Louisville

Introduction

1 om Wallace lake is a small, artificial body of water in the Jeffer-

son County Forest about ten miles south of Louisville, Kentucky.

Since September, 1950, the lake has been studied by biology classes,

individual undergraduates, and the present writer. Although there

has been no rigid program of investigation, many data have been ob-

tained, and a series of studies has been planned for the future. These

studies should contribute to our knowledge of regional limnology, and

may reveal facts useful in selecting sites for excavation and impound-

ment of future artificial lakes in this part of Kentucky. The imme-

diate purpose of this paper is to present some limnological data which

will serve as a foundation for reports on the flora, fauna, and addi-

tional physico-chemical phenomena of Tom Wallace Lake.

I am indebted to Major Paul Yost, Jefferson County Forester, for mak-
ing boats available throughout the year, and for the many other courtesies

he has extended to me. The aid granted from the University of Louisville

Research Fund for the purchase of equipment is gratefully acknowledged,

and further appreciation is expressed to those undergraduates who have

assisted in collecting field data.

Geographic Location and Climate

Tom Wallace Lake lies in the southwestern part of Jefferson

County, Kentucky, approximately 1.5 miles south by south west of

the town of Fairdale, and slightly less than a mile north of the Bullitt

county line. It is located at a latitude of 38° 5' N., and 85° 46' W.,

and at an altitude of 600 feet above mean sea level.

Transactions of the Kentucky Academy of Scieace, 15 (3): 31-47. October, 1954.
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Climatic conditions at Tom Wallace Lake can be characterized from
metereological summaries released by the U. S. Weather Bureau Station lo-

cated seven miles to the north at Standiford Field. The climate is conti-

nental, although the winters are relatively mild with an average temperature

of 36.3° F. Only seventy days of an average winter have a minimum
temperature 32° F. or less. The average snowfall is 13.5 inches per annum.
The mean total rainfall is 42.59 inches, most of this accruing during the

winter months. Spring and fall temperatures average 56.1° and 58.7°

respectively, while the mean summer temperature is 76.8°. The average an-

nual percent of possible solar radiation is 58% with the greatest amount
during July, the hottest month of the year. Prevailing winds are from the

south.

Drainage Basin

The lake is situated in one of Kentucky's major physiographic

provinces, a hilly region known as the Knobs. The hills of the Knobs
are remnants of the Lexington peneplane and are composed of Mis-

sissippian rocks, which in weathering yield a rather infertile soil.

The entire drainage basin of wooded hills rising 150 to 250 feet

above the lake surface, is underlain by siliceous, low-calcium rocks

composed of three formations. The Brodhead Formation of silty shale

and siltstone bound by clay contains the lake, and rises above it. It

is overlain by the relatively thin Floyds Knob Formation of variable

lithological character, while the narrow ridges of the knobs are capped

by the Muldraugh Formation, a thin layer here which approaches a

calcareous siltstone (Stockdale, 1939).

The slopes around Tom Wallace Lake are forested principally by

deciduous trees, of which several oak species are predominant. On
south-facing slopes Pinus virginiana Mill, is a conspicuous member

of the community.

The drainage area of 36.26 ha. (89 acres) is roughly 15 times

greater than the lake area. A small intermittent stream enters the

lake from the hills at the west. The lake's only outlet is a concrete

spillway at the northeast corner. Both inlet and outlet are dry at

least during the summer and fall. Following the classification pro-

posed by Pennak (1945), Tom Wallace Lake is designated a semi-

drainage lake.

Morphometry

The earthen and stone dam which impounds the lake waters was

constructed in 1946. The basin filled during the winter of 1946-47,

and in early summer it was stocked with bass and bluegills (Distler,
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1952). The hydrographic map (Figure 1) is based on surveys made

in 1951 and 1952. Morphometric values presented here (Table I)

were calculated by the methods and formulae outlined by Welch

(1948).

TOM WALLACE LAKE

Fig. 1. Hydrographic map of Tom Wallace Lake.

Table I. Morphometry of Tom Wallace Lake

Maximum Length* 328 m.
Maximum Width* 168 m.
Mean Width 71 m.
Surface Area 2.34 ha.

Maximum Depth 9 m

.

Mean Depth 4.1 m.
Volume 96,274 m. 3

Shoreline 891 m

.

Shore Development Index 1 .65

Volume Development Index 1.37

•Maximum effective dimensions are the same.

The small area and low mean depth shown in Table I along with

the mean epilimnion-hypolimnion ratio observed to date, warrant

classification of the lake as morphometrically eutrophic. In light of

these data and the favorable climatic factor, other morphometric

features such as the volume development probably have little value



34 Gerald A. Cole

as indices of productivity. However, it seems reasonable that some
morphometric details of the basin are not optimal for producing a

maximum-per-acre crop of easily-harvested fish, and the fitness of the

lake as a bass habitat may be questioned somewhat apart from trophic

interrelationships. As might be assumed from the volume develop-

ment index, the basin is steep-sided. The percentage of slope between
adjacent 1 m. isobaths is greatest in the upper half of the lake.

From the shore to the 5 m. contour the average slope is about 25%,
while the mean slope of the entire basin is 18.9%. The precipitous

marginal slopes detract somewhat from the significance of the shore

development index, for there is actually less shallow water than an
index of 1.65 might suggest.

The small wind-effective dimensions and the unusual protection

from air currents afforded by the surrounding terrain are often re-

vealed in subsurface thermal and chemical phenomena at the lake.

However, a comparison of Tom Wallace Lake and Sodon Lake, Michi-
gan (Newcombe and Slater, 1950) demonstrates the extraordinary
topographic and morphometric requirements necessary to provide
really significant insulation from wind action. Sodon Lake has the
same surface area as Tom Wallace, but is almost twice as deep. Both
lakes occupy sheltered basins among wooded hills, but Tom Wallace
is holomictic while Sodon Lake is meromictic. The key to meromixis
in this lake is not found in seepage of ground water rich in salts, but
rather in the wind-morphometric relations. There are many indica-

tions of insulation in physico-chemical data from Tom Wallace Lake,
but the protection is not great enough to prohibit circulation through-
out the year.

Benthic Zones

The customary method of defining lacustrine benthic zones is based
on consideration of the average summer temperature profile as well
as the region occupied by rooted hydrophytes. In common practice
the littoral zone is regarded as that part of the bottom encompassed
by the shoreline and the lakeward limit of the rooted aquatic plants.

Pond-weeds have been extremely scarce in this lake, but by the late

summer of 1952, irregularly distributed clumps of Potamogeton di-

versifolius Eaf. had become established to a depth of almost 2 meters.
During most spring and fall seasons mats of Spirogyra lie on the
bottom to the same depth. Thus the 2 m. contour line appears to mark
roughly the deepest limit of the littoral zone. This peripheral region
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is 26.1% of the total bottom area. To make use of a term suggested by

Rawson (1939) as being of potential value, the littoral index is desig-

nated as 26.1.

In general the littoral sediments are soft, clayey, and topped by

a thin layer of forest litter. The tubes of midge larvae and oligo-

chaetes are abundant in these deposits. Most of the littoral sediments

are light-brown in color, but following the death of the benthic

Spirogyra mats they have a black upper layer, sapropelic in nature.

Since the profundal zone and the lower limit of the sublittoral

area are based on temperature profiles which change from month to

month, one must be somewhat arbitrary in defining these regions. It

seems reasonable to select several factors in establishing the pro-

fundal zone as a distinct ecological region. A study of the chemical

features of the lake waters in conjunction with the thermal profiles

leads the writer to the conclusion that 5 m. represents the average

upper limit of the hypolimnion, and hence that of the profundal

zone. On the basis of this, the sublittoral becomes that part of the bot-

tom bounded by the 2 m. and 5 m. contours, the profundal zone lying

below this to the maximum depth, 9 m. The sublittoral zone com-

prises 31.5% of the total bottom area, the profundal zone 42.4%.

Upper sublittoral deposits are similar to those of littoral areas,

although forest litter is less conspicuous. There are many tubes, and

some evidence of coprogenesis. These sediments are sometimes browner

than littoral deposits, since mats of dead Spirogyra are not present

below 2 m.

Lower sublittoral and profundal sediments are fine-grained and

black with little evidence of coprogenesis. The deposits are essen-

tially of the sapropelic type and upon being exposed to oxygenated

water in the laboratory, become light-brown suggesting that they have

been chemically reduced in the lake. These sediments contain a great

deal of clay, and when desiccated they form a hard, strong brick.

By October, 1952, about 3.75 cm. of sediment had accumulated

above the original basin in profundal regions. Frozen vertical core

samples, when split longitudinally, show profundal deposits to be

varved. In some samples there are alternating bands of clay and

black organic material, corresponding exactly to the winters and

summers respectively since the lake was formed. In many cores the

1947 summer band cannot be found. Apparently it was not deposited
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uniformly. The summer bands are about 0.5 cm. and the clay strata

assumed to be the winter bands are roughly 0.25 cm. thick.

The loss of weight following ignition of a profundal sediment
sample was 10.8%. The sample included clay bands as well as the
summer deposits which must have contained most of the volatile

material.

Probably the winter erosion of clay and silt at Tom Wallace Lake
is somewhat greater than that occurring in more northern regions.

Visher (1937) has pointed out the regional contrast in erosion rates
between northern and southern Indiana. Climatic factors seem to be
involved in this difference, the winter rainy season in southern In-
diana bringing about more erosion than takes place farther to the
north.

Thermal Phenomena
From September, 1950, to November, 1952, subsurface tempera-

tures at Tom Wallace Lake were determined with a Taylor maximum-
minimum thermometer. This was calibrated in the Fahrenheit scale
and the readings were converted to Centigrade values. Since then a
Whitney electrical thermometer has been employed and more ac-
curate determinations have been possible.

The lake was visited at irregular intervals and the data leave
much to be desired, although approximately 50 temperature assays
were made. As far as is known, three of the four winters during
which the lake was observed were periods of continuous circulation.
During the winter of 1953-54 there was an ice cover for the duration
of approximately one month and the lake was inversely stratified.

These facts and the data which follow suggest that Tom Wallace Lake
is best described as a subtropical lake (cf. Ruttner, 1953, p. 40.) some
years, and a temperate lake of the second order during others.

Isothermal conditions of near 4° C. are usually established some
time in December and persist well into February. Data recorded Dec.
1, 1951, and Dec. 6, 1952, reveal that the lake was practically iso-
thermal with bottom water at 5.1° and the surface water about 0.7°
warmer. The lake was visited on Dec. 25, 1953, when an ice cover
believed to have existed for at least a week was present. Typical in-
verse stratification was demonstrated with 4° water extending from
5 m. to the bottom. The ice did not remain more than two weeks after
this, and on Feb. 1, 1954, the lake was isothermal at 4.2° C. This was
very similar to the case in 1952, when there was an uninterrupted cir-
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dilation period, and on Feb. 1 the lake was calculated from the Taylor

thermometer readings to be 4.4° C. throughout.

The direct stratification typical of the summer temperature profile

begins early in Tom Wallace Lake. If we are to accept Birge's rule

(cf. Welch, 1952, p. 53) that the thermocline is represented by regions

in which the temperature decrease is 1° C. or more per meter of depth,

there is a thermocline established by the middle of March. This may
be rather strongly developed in the upper two meters of water.

Increasing solar radiation combined with insulation from wind

action results in persistence of a thermocline at the surface rather late

in the spring. On April 17, 1952, a thermocline extended from the

surface to 4 m., and on May 6 and May 23 it was still at the surface

with the lower limit at 5 m. In the spring of 1953 the thermocline

occupied the 2-5 m. stratum on April 16. However, on the 5th of May
it was higher, extending from 1 to 4 m., and on June 9 it ranged from

1 to 6 m. below the surface. During July and August few data have

been collected, but those available generally show an increase in

epilimnion thickness during the summer, with the position of the

thermocline varying from year to year. However, on July 6, 1954,

it extended from the surface to 6 m. It was well defined between 3

and 5 m. in early August, 1951, but rarely has it occupied such a

narrow stratum.

Late summer profiles seen during the first week of September have

reflected periods of calm. On Sept. 2, 1951, the thermocline reached

from the surface to 7 m., being especially conspicuous between 3 and

6 m. On September 4, 1952, there was a wide thermocline between

3 and 7 m. with a secondary thermocline between 1 and 2 m. Al-

though stratification has persisted until the first of November, the

lowering of the thermocline has been conspicuous during the latter

half of September and throughout October. On October 25, 1952, it

reached the bottom with its upper limit at 7 m.

The high thermocline so often present in Tom Wallace Lake is

due to protection from wind by surrounding terrain. Further evi-

dence of this insulation is revealed in the unusual temperature con-

trasts seen at times within the thermocline. A decrease of 10° C. be-

tween subsurface depths of 2 and 3 m. was seen June 26, 1954, and a

drop of 9° C. within the same stratum was observed June 9, 1953.

On August 3, 1951, and September 4, 1952, decreases of 8.2° were

recorded within one meter, and on July 5, 1952, a similar drop of
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7.5° was observed. Such thermal gradients are rare, although recently

Wallen (1950) reported comparable phenomena from Oklahoma

ponds.

The low summer temperature of bottom waters is another indica-

tion of the protected position of the lake. At 8 m. depth the greatest

temperature range observed since this inquiry commenced is 6° C.

(Table II). Eight meter temperatures in May have varied from 6.6°

Table II. Temperature
in

Extremes Observed at Various Depths
Tom Wallace Lake

Depth in m.

Temperatures in degrees

Centigrade
Depth in m.

Temperatures iL degrees

Centigrade

Lowest Highest Range Lowest Highest Range

3.6
3.6
3.6
3.8

30.7
29.2
28.0
23.3
22.2

30.7
25.6
24.4
19.7
18.4

5

6
7

4.0
4.0
4.0
4.0

19.4
17.8
10.5
10.0

15.4
1

2
13.8
6.5

3.

.

8 6.0
4

to 7.8°, and water at this depth has never warmed to more than 8.9°

before the middle of October. This may be attributed to early stratifi-

cation putting an end to circulation before the wind distributes much
heat to lower levels. The result is that Tom Wallace Lake is colder

during the summer than many deeper, larger bodies of water in our

northern states.

An effect of partial circulation has been noted each year about the

first of October. At this time there has occurred a conspicuous rise

in the concentration of surface bicarbonates, a reflection of some mix-

ing of hypolimnion and epilimnion waters. A rise in the temperature

of the deepest water has usually taken place about the 20th of Oc-

tober, and has risen to 10° C, its maximum for the year, in early

November. At this time the lake becomes nearly isothermal, although

calm sunny days result in warmer surface layers. This early circula-

tion is apparently not violent, and it takes about a week for the gases

and pH to become more or less uniform from top to bottom. Mean-
while, the entire lake cools rapidly and is close to 5° C. by the end of

November.

Since midsummer data are scarce, it is possible that the highest

annual temperatures have not been sampled. Yet, on the basis of data

on hand it appears that if the lowest mean winter temperature of the
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water is considered 4° C. the average annual heat budget is probably

somewhere between 5,500 and 6,000 gram calories per square centi-

meter of surface. The greatest temperature variations observed at

different depths are shown in Table II.

Transparency

A white Secchi disc 20 cm. in diameter has been used at irregular

intervals since May, 1951, to obtain transparency values. The great-

est transparencies observed occurred in October during early phases

of the fall overturn, when surface temperatures were falling. On
October 16, 1952, a transparency of 3.6 m. was observed. On no

other occasion was a reading of as much as 3 m. obtained. The lowest

transparencies observed occurred on Feb. 1, 1952 and 1953, when the

Secchi disc disappeared 97 cm. below the surface. This low trans-

parency was associated with a tremendous zooplankton population.

A low reading of 1 m. on April 16, 1952, was associated with a large

population of Dinobryon and protozoan plankters.

Secchi disc transparency has averaged as follows : summer, 1.7 m.

;

the overturn in October, 2.2 m. ; winter circulation period, 1.6 m.

;

and early spring, as stratification commences, 1.25 m.

Dissolved Oxygen

The unmodified Winkler method was employed in determining

dissolved oxygen in Tom Wallace Lake until early 1953 when the

Alsterberg modification of this method was used. The results of both

methods were similar : during the summer stagnation periods no dis-

solved oxygen could be detected in lower hypolimnion waters, and a

typical eutrophic oxygen stratification existed.

The water at 8 m. depth becomes anoxic sometime after the middle

of May and remains so until the end of October. Whether or not

anaerobic water was present beneath the ice during the winter of

1953-54 is not known, but it is quite possible that this was the case.

At the overturn dissolved oxygen appears in the deepest waters and

increases during the winter, if there is no ice cover. The greatest

values obtained for the winter circulation period at 8 m. was 11.2

p.p.m. on February 1, 1954, when the water was approximately 85%
saturated. Unfortunately, the records for the early days of the over-

turn are incomplete, but it appears that soon after the lake becomes

isothermal and the bicarbonates become uniform throughout, dis-

solved oxygen is still low at 8 m., and is accompanied by high hy-
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drogen ion and free C0 2 concentrations. This apparent lag in the

establishment of homogeneity during the early circulation period

may be ascribed to the sheltered location of the basin and to the

summer-long accumulation of reduced substances in hypolimnion

waters and profundal sediments.

Records from the middle of April reveal the bottom waters no

longer have the high oxygen concentrations of winter. On April 17,

1952, at 8 m. it was about 16% saturated; on April 16, 1953, oxygen

was roughly 29% of saturation.

During the summer stagnation period of 1951 anoxic water was

found in the thermocline at subsurface depths of 5 and 6 m. Mere

traces were present as high as 4 m. In 1952 anaerobic water was ob-

served once in the bottom stratum of the thermocline at a depth of

6 m. ; anaerobic conditions were not observed above this depth and

values less than 1 p.p.m. were found no higher than 5 m. Anoxic

water in general was first present immediately below the thermocline

that year. In 1953 no anaerobic water was discovered in the thermo-

cline, and only the 7 and 8 m. samples were anoxic. Dissolved oxygen

values of less than 1 p.p.m. were found in 5 and 6 m. samples that

year, in the thermocline and directly below it. Since the summer

data are not numerous and two methods of analysis are involved, it

may be dangerous to attach too much significance to these yearly

comparisons. It is worth noting, however, that a program of applying

fertilizer annually was discontinued after the spring of 1951.

Saturations of 100% and more were often present in surface waters

during the months of May to September inclusive. The highest con-

centration ever observed was 12.5 p.p.m. midway down the thermo-

cline in June, 1953. This represented an apparent saturation of about

125%. The greatest percentage of saturation recorded was about

130% at the surface on Sept. 2, 1951, a calm, sunny day.

The lowest values for dissolved oxygen in the surface water were

noted during October and early November as the overturn occurred.

At least two factors may have been involved. First, the mixing of

hypolimnion waters, rich in reduced substances, would make unusual

oxygen demands. Second, the great transparencies observed at this

time suggest the death of warm-water summer plankters. This would

result both in a decrease in oxygen production as well as an increase

in oxygen consumption by the bacteria of decay.
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On several occasions the highest oxygen values in terms of parts

per million, and sometimes in percentage of saturation, occurred in

the thermocline. The oxygen maximum in one case was found at 4

m., but usually thermoclinal maxima were at 3 m. No thermoclinal

oxygen minima were ever observed.

Hydrogen Ion

Hydrogen ion determinations were made in the boat immediately

after collecting water samples. Colorimetric determinations were made
with a Hellige comparator and permanent glass color standards. A
Coleman pH electrometer with glass electrodes was used a few times,

but was not satisfactory because of difficulty in detecting the flashing

red light in sunlight.

Surface water pH varied from 8.6 on bright summer days to 6.8

on overcast winter days when the entire lake was uniform in pH.

Water at 8 m. depth showed less variation. It was normally 6.8, but

during the summers acidity increased and the pH became 6.4 by the

end of stagnation. It rose at the overturn, and on one occasion in

early winter (Dec. 6, 1952) it was found to be 7.2. No data are avail-

able for the short winter stagnation period of 1953-54, but it is quite

probable that it was lower than 6.8 at this time.

Usually all water from 5 m. depth to the bottom was slightly acid.

On three occasions 5 m. water, and on two occasions 6 m. water was

neutral or slightly alkaline. Except for a pH of 7.1 at 5 m. on Sept.

4, 1952, these unusual neutral and alkaline conditions were associated

with the period of free circulation during November and early

December.

Free Carbon Dioxide

Values for free carbon dioxide were calculated from pH and

total alkalinity relationships according to procedures outlined by the

American Public Health Association (1946).

During the summer months the upper 3 meters of water usually

contained no free CO2, or had less than 1 p.p.m. Samples from 4 or

5 m. usually contained markedly higher concentrations, thus indicat-

ing the summer trophogenic layer to be 3 or 4 m. in thickness. Free

CO2 was always present at 4 m., the lowest value recorded there be-

ing 1.3 p.p.m., and the highest 17.5 p.p.m. At 5 m. concentrations

ranged from 8.08 to 25.2 p.p.m. The highest surface values of C0 2

were observed in November and early December, 1951, when calcula-

tions revealed from 16.3 to 17.2 p.p.m. The gas was uniform from top
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to bottom on November 11 of that year at 17.2 p.p.m. During the

ensuing winter, uniformity prevailed whenever the lake was visited,

decreasing to 10.8 p.p.m. by February 1, 1952. These great surface

concentrations were not matched at any other time, the nearest ap-

proach being 7.4 p.p.m. on October 25, 1952, before complete circula-

tion was in effect. Winter CO2 was lower in other years, for example,

slightly less than 4 p.p.m. throughout the lake on February 1, 1954.

This value marked the lowest concentration ever found at 8 m.

Samples of CO2 from 8 m. depth revealed a rather definite annual

cycle. During the early days of thermal stratification during April,

the gas ranged in concentration from about 10.5 to 13.8 p.p.m. May
concentrations were from 21 to 22 p.p.m., and observations revealed

somewhat higher values in June. On July 25, 1952, the C02 at 8

m. was 29.6 p.p.m. No August data are available, but apparently the

gas increases rapidly during the stagnation period, because early

September values ranged from 70.6 to 74.9 p.p.m. During the last

days of summer stagnation CO2 reaches its peak in the hypolimnion

waters. Accumulations of 112.4 p.p.m. and 109.9 p.p.m. were present

on September 18, 1953, and on September 29, 1951, respectively.

With the overturn free C0 2 decreases in the deepest waters. Water
samples from 8 m. on October 15, 1951, were calculated to contain

63.9 p.p.m., and on October 25, 1952, 35.6 p.p.m. November data show

decreases in hypolimnion C0 2 ranging from 33.2 p.p.m. on the 3rd

(1951) to 17.2 p.p.m. on the 11th of the same year, and 12.4 p.p.m.

on the 22nd, 1952. Apparently there is a progressive decrease until

an annual low is reached sometime in the latter part of the winter

circulation period.

Alkalinity

Total alkalinity at Tom Wallace Lake was usually due to bicarbo-

nates alone, and was measured as brom-cresol green alkalinity. Only
on those summer days when no free C02 was present in epilimnion

waters could phenolphthalein alkalinity be demonstrated, indicating

the presence of carbonates. Phenolphthalein alkalinity was never ob-

served as deep as 4 m, nor during the months October to April in-

clusive. The highest carbonate value determined (on September 2,

1951) was 6.5 p.p.m., when total alkalinity in surface waters was only

24 p.p.m. There was a tremendous population of the planktonic green
flagellate, Eudorina, at that time, and the percentage of oxygen satu-

ration was the highest ever recorded in the surface water. These data
suggest a high photosynthetic rate with phytoplankters utilizing all
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the free COo and much of the half-bound CO2, the carbonates thus

formed sinking to lower levels in the absence of turbulence.

Total alkalinity of the surface waters has always been highest in

November, when bicarbonates first become uniform throughout the

lake. This concentration is then in the neighborhood of 50 p.p.m., the

greatest value ever recorded being 56 p.p.m. From then until thermal

stratification is established in the spring the bicarbonate content of

the entire lake is uniform, and diminishes throughout the winter cir-

culation period. This decrease is due at least in part to the flushing

of the lake as it overflows the spillway. The decrease in bicarbonate

content amounted to 27 p.p.m. in 1951-52, and 13 p.p.m. in 1952-53

by the end of the first week in April. During the winter of 1953-54

the lake did not overflow, and by the same time in April the surface

bicarbonates were still high, 47 p.p.m. This was 9 p.p.m. higher than

in the previous year and 18 p.p.m. higher than in April, 1952, after

flushing via the spillway had occurred. The precipitation during

these three winters was directly correlated with the fall in bicarbo-

nate content of the lake water. Total precipitation for the first three

months of the years 1951, 1952, 1953 and 1954 was 16.94", 14.0", 9.26"

and 7.48" respectively.

There is a suggestion that the concentration of bicarbonates in the

8 m. water has increased each year, reaching a higher peak at the

very end of the stagnation period than that of the preceding summer.

The high recorded for 1951 was 142 p.p.m. ; for 1952 it was 163

p.p.m. ; and by September 18, 1953, when observations were aban-

doned temporarily because of the threat of forest fires, total alkalinity

had reached 146 p.p.m. although the stagnation period probably was

not at an end (Fig. 2).

A similar increase in surface bicarbonates has occurred during

the period the lake has been under observation. The first titrations

made were on waters collected October 7, 1950, when bicarbonates

were found to be 22 p.p.m. No samples were collected until the fol-

lowing April when a value of 30.5 p.p.m. was recorded. In the fol-

lowing years the annual minima never occurred in October and no

values below 40 p.p.m. were ever again recorded during this month.

On but three other occasions did total alkalinity fall below 30 p.p.m.

in the upper waters. One of these has been discussed, with a high

photosynthetic rate and extreme calm being possible factors. The

other times were in late April and early May, 1952, at the normal

low point in the annual cycle (Fig. 2).
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Fig. 2. Seasonal variation in total alkalinity of surface and hypolimnion

waters at Tom Wallace Lake.

If these data do show a significant annual increment in total alka-

linity, a possible explanation for that in the hypolimnion could be

the accumulation of iron in profundal sediments, with ferrous bi-

carbonate accounting for much of the alkalinity. The annual dis-

solved oxygen cycle indicates that the hypolimnion of Tom Wallace

Lake could serve as a trap for allochthonous iron, and although no

chemical analyses have been made to determine the iron content of

this lake, characteristics of hypolimnion samples suggest its presence

in considerable amounts. Many anaerobic samples were dilute black,

but changed to a rusty color following the admittance of air. After

several days these samples contained rusty flocculent masses at the

bottom. These phenomena could be explained by ferrous salts in solu-

tion being converted in the presence of oxygen to insoluble ferric com-

pounds. Since organic substances are also present, adsorption of fer-

ric compounds upon these could result in colloids which precipitate as

the flocculent masses described. These events never occurred in aerobic

samples where soluble iron could not exist to any significant degree.
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Several authors (i.e., Einsele, 1936, 1938; Hutchinson, 1941; Linde-

man, 1941) have described iron phenomena in natural waters that

make such a chain of events seem reasonable.

There are other explanations for the apparent increase in alka-

linity. One of the most obvious is that a higher bicarbonate level was

present each successive spring because of differences in the winter

flushing rate. This would account for the increment from year to

year in both epilimnion and hypolimnion bicarbonates. At the 8 m.

level the increase could be due to other phenomena. Although the pH
would prohibit the deposition of sedimentary calcium as marl in the

profundal zone, it is possible that winter erosion could bring in par-

ticles large enough to reach the bottom as CaC0 3 , thus building up

an alkalinity reserve. An additional factor to be considered is the

length of stagnation. Apparent annual increases in hypolimnion

alkalinity could be due to extended stagnation periods, with a com-

plex of ammonium, magnesium, manganous, ferrous and calcium bi-

carbonate accounting for higher brom-cresol green alkalinity than

might be seen in years when the overturn started earlier. This seems

to be a good possibility because there is a rapid rise in the hypolim-

nion alkalinity at the very end of the stagnation period. Finally, sig-

nificant sampling dates may have been missed at this crucial time,

and the observed annual increase of deep-water bicarbonates may not

be a real thing.

At present Tom Wallace Lake has a much higher alkalinity than

other bodies of water in this region of the Kentucky Knobs. A typical

contrast can be seen in the nearby South Park Pond with a total alka-

linity which has ranged from 9 p.p.m. in the spring to 25 p.p.m. at

the end of the dry summer of 1953. This pond has been impounded

for many years and probably circulates continuously. On the basis of

categories employed by Moyle (1946), South Park Pond can be desig-

nated very soft to soft, while Tom Wallace Lake is apparently chang-

ing from a soft to a medium hard water lake.

Discussion

Although edaphic factors and some morphometric characteristics

of Tom Wallace Lake suggest a low potential with respect to biologi-

cal productivity, this is not the case. The summer oxygen profile is of

the eutrophic type, and preliminary studies have revealed high

benthic productivity. It is quite possible that because of the favorable

climatic factor any small Kentucky impoundment with an adequate

drainage basin will be productive. If this is true, the importance of
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morphometric and topographic features should be particularly em-

phasized in the plans for future fishing lakes in this region. Moreover,

such lakes should not be stocked with fish routinely on the basis of

surface area alone, and fertilizer should be applied with caution.

With anaerobiosis always a possibility, the summer temperature pro-

file in relation to morphometric characteristics assumes great sig-

nificance. This is demonstrated by the fact that during summer stag-

nation more than 40% of the bottom area of Tom Wallace Lake may
be denied to fish because of anaerobic water. This can be attributed

ultimately to the excavation of a small, steep-sided basin in a shel-

tered location.

Summary

1. Tom Wallace Lake, in Jefferson County, Kentucky, is a semi-

drainage artificial lake situated among typical steep wooded knobs.

It occupies a precipitous basin, narrow and U-shaped in section. The

surface area is 2.34 ha., and the maximum depth is 9 m. The mean
depth is 4.1 m., and the wind-effective dimensions are small.

2. The littoral zone, extending to a depth of 2 m., is 26.1% of the

total bottom area. The sublittoral is 31.5% and the profundal zone

is 42.4% of the bottom. Profundal sediments are varved and com-

posed of alternating strata of clay and sapropelic material.

3. Direct thermal stratification is continuous from the latter part

of March until early November. The winters are usually periods of

continuous circulation with isothermal conditions at about 4° C,
although ice covers of short duration sometimes occur with a resulting

inverse stratification. Bottom waters are warmest at the overturn,

reaching 10° C. then. High thermoclines, low hypolimnion tempera-

tures, and unusual thermal gradients which often occur may be

ascribed to the sheltered location of the basin.

4. Transparencies as measured by Secchi disc are greatest at the

overturn. The mean annual transparency is about 1.7 m.

5. During summer stagnation an eutrophic oxygen curve exists

with complete absence of dissolved oxygen in the lower part of the

hypolimnion for about 5^ months. Highest oxygen tensions occur

in the summer epilimnion, and sometimes in the thermocline.

6. Waters below 5 m. are usually slightly acid, reaching a pH of

6.4 at 8 m. by the end of stagnation. Free C02 is always present at a

depth of 4 m. and below, and is lacking in the epilimnion only during

the summer. A concentration of 112.4 p.p.m. was accumulated by the

end of one summer in 8 m. water.
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7. Carbonates occur only in the epilimnion, and only during the

summer. Bicarbonates are lost from the lake via flushing during

rainy winters, and the loss each winter is correlated directly with the

amount of precipitation. There seems to have been an increase in

total alkalinity during the past four years, and the lake is changing

from a soft water lake to a medium hard water lake.

8. The fitness of the lake as an ideal bass habitat is questionable

in spite of its definite eutrophy.
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The Movement of Fishes Through Navigation

Lock Chambers in the Kentucky River
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Introduction

In the spring of 1950, an investigation to determine to what extent

the fishes in the Kentucky River used the navigation locks as a means

of travel from one pool to the other was initiated. At that time, com-

mercial fishermen and sport fishermen were convinced that the great

decline in river boat traffic and consequent decline in the number of

lockages was responsible for the supposed gradual decrease in fishing

success noted during the past few years. It is true that at the present

time only a very minor amount of river traffic is carried on, and above

lock #7 there is practically none. There is so little traffic, in fact,

that the U. S. Corps of Engineers is seriously considering discon-

tinuing operations at these upper locks. It was the fishermen's

contention that, if the fishes of the downstream areas were kept from

moving upstream by discontinued lockages, in time there would be a

real scarcity of fishes in the upper reaches of the river. The present

study was undertaken to determine what the actual effect of discon-

tinued lockages on fish dispersal might be.

Description of the River

The Kentucky River is formed by the confluence of the North

Fork, Middle Fork, and South Fork Rivers near Beattyville in east-

ern Kentucky. From this point the river flows in a northwesterly

direction through the Cumberland National Forest, across the blue-

grass region and enters the Ohio River at Carrollton, Kentucky (Fig.

1). Its drainage includes the eastern coal fields at its southernmost

extremity and the fertile bluegrass region throughout the rest of its

course. There are fourteen locks and dams on the main river. The

first dam is located 10.3 miles upstream from the mouth of the river,

and the last dam is 249 miles upstream at Heidelberg, Kentucky.

Transactions of the Kentucky Academy of Science, 15 (3) : 48-56. October, 1954.
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Approximately 258 miles of the river are navigable with all but 9

of these located below lock #14. It is a productive stream and re-

mains relatively clear throughout most of the summer and fall.

Accepted 12 July, 1954.
Fig. 1. Map of the Kentucky River, showing location of the navigation locks.

The most important sport fishes include muskie and walleye in the

upper reaches of the river and in the three main forks and their

tributaries. Black bass, white crappie, and the smaller centrarchids

are abundant throughout the river system. The same may be said of

the white bass except that it is either absent or very scarce in the

river above the last lock and dam. Commercial fishes are abundant

and the limited amount of commercial fishing now carried on could

be expanded greatly, if a steady and stabilized market were estab-

lished. Those fishes which are most abundant and used commercially

for food purposes are smallmouth buffalo, black buffalo, carp, drum,

flathead catfish, channel catfish and blue catfish. Paddlefish and
sturgeon are present in limited numbers, although good catches of the

former are sometimes made in the river from lock # 3 downstream.
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Procedure

Prior attempts by the writer to study the movements of fishes

in this river system had shown that any study of movement within

the lock chambers would have to be carried out in a relatively short

period of time in order to eliminate seasonal differences in fish move-

ment. The initial approach to this study was first attempted in the

spring of 1950 and the last phase of the investigation was completed

in October of the same year. There were such obvious differences be-

tween spring and fall movements both as to species concerned and

degree of movement that the information gathered was not considered

valid for comparative purposes. In May, 1951, the study was ini-

tiated once more and by June 21, 1951, the field work had been com-

pleted. Data from this later investigation are reported in this paper.

Ten of the fourteen navigation locks were selected for the purpose

of this investigation. Locks #1, #2, #4, and # 13 were not used be-

cause of either inaccessability or for fear of arousing unwanted

criticism following the use of poisons near high population centers

and public water supplies.

It was decided that by manipulating the lock gates to allow fish

to enter the lock and/or exit therefrom, it would be possible to use

rotenone at regulated times and to recover the poisoned fishes therein

much in the same manner as could be done in an aquarium. During

previous studies made in 1950 recovery of the poisoned fishes was

found to be approximately 95% during the first four hours after

poisoning in each lock chamber; therefore, for the purpose of sim-

plicity, one hundred per cent recovery was assumed throughout the

investigation.

The first step before initiation of the actual study of movement

was the total eradication of all transient and resident fishes then

existing within the lock chambers. This operation was thought to be

necessary to insure that all fish subsequently taken would be those

fish Avhich were in the process of moving from pool to pool.

Procedure Followed at Each Lock

1. After the eradication procedures at all locks had been com-

pleted, the lower gate to each lock chamber was allowed to stand open

for a period of from 24 to 48 hours. The fishes below the dam then

had access to the lock chamber and were free to move upstream into

the pit.
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2. After the lower gates had been standing open for the above

number of hours, they were closed, the lock chamber poisoned and
the fish therein recorded. These fish were considered to be moving
or attempting to move upstream through the lock and into the pool

above.

3. Next, all poisoned water was diluted below toxicity level by
filling the chamber with water from the pool above. It was then

flushed out of the chamber downstream. At no time did a fish kill

result from these flushing operations.

4. After flushing, the lower gates were again left standing open

for the designated number of hours, allowing the fish in the lower

pool to move into the lock pit. It was now assumed that approxi-

mately the same number of fish that had moved into the pit previ-

ously, that is the day before, would again move into the lock cham-

ber. The lower gates were then closed, the pit filled to the level of the

pool above, and the upper gates opened.

5. After the upper gates had been standing open for a period of

approximately twelve hours they were closed, the pit lowered to the

level of the lower pool, and the chamber poisoned. Those fishes re-

maining in the lock at this time were considered as the part of those

fishes which moved into the lock from downstream as determined by

the initial poisoning, which did not escape or move out of the lock

when the upper gate was opened. Entry of fishes from above the

upper gates was not considered to be significant for reasons to be

discussed later.

Discussion

During the procedure or schedule of operations in this study two

basic assumptions were made. The first was that the same numbers,

kinds, and poundages of fishes would re-enter the lock chambers the

second time the lower lock gates were left standing open as did when

the gates were opened during the first phase of the investigation.

Although this assumption was not proved, it was noted that approxi-

mately the same numbers, species, and weights of fishes were present

as resident or transient populations in those lock chambers in which

the lower gates were opened at the time of initial eradication, as were

present at the time of the first poisoning during the actual movement

study. It is therefore believed that this assumption is reasonable.

The second assumption was that those fishes remaining and re-

covered in the second poisoning were those which did move into the
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lock chamber from below, but which for some reason did not move out

of the chamber and into the pool above. This assumption was also

unproved, but is believed to be substantially correct. The first as-

sumption that approximately the same amount of movement took

place during both periods when the lower lock gates were open had to

be substantially correct, in order that the second assumption be made.

As stated, it is believed that this assumption is valid or that there

were equal amounts of fish present and a part of them did move out

of the lock and upstream. However, under the procedures used there

was no way to determine how many of those fishes left in the lock

after the upper gate was opened were actual remnants of the fishes

from below or were fish that had moved into the lock from the pool

above. Again the reliability of the assumption must be based on ob-

servations made during the eradication operations. At that time

some of the lock chambers had the upper gates open and these gates

had been open for a period of from 12 to 72 hours. In those locks,

there were invariably few fish present. At lock # 14 only one small

bluegill was recovered during eradication. For this reason, it has

been assumed that the fish remaining in the lock chamber after the

upper gate was opened are, for the most part, those fish which did

move into the lock from the pool below but did not move on through

the lock into the pool above.

Table I shows the species present in each lock at the time of both

poisonings. There were four species representing a total of 17 fish

that were found during the second test at locks #6, #7, #10 and

# 12 that were not present in these locks at the time of the initial

poisoning. Fourteen of the 17 fish were red-horse. There was also

one largemouth bass, one green sunfish and one mooneye. All other

species taken in the second poisoning were present in the lock at the

time of the first poisoning. Whether these 17 fishes moved into the

locks from the pool above or came from below as additions to those

fish moving in is not known. However, the number is small and be-

lieved to be insignificant to the purposes of this study.

Table II shows the species composition for all locks combined
during the initial poisoning. From this table, it can readily be seen

that there is substantial evidence to support the view that fish and
a large number of fish enter these locks from downstream. A total

of 2,821 fish weighing a total of 864.27 pounds definitely moved from
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Table I. Species Present in Lock Chambers at Time of Poisonings

Species

Locks

C» 10 11 12 14

L. M. Bass. . . .

Ky. Bass
White Bass. . . .

White Crappie

.

Warmouth
Bluegill

Longear
Green Sunfish .

.

Sauger
Buffalo

Quillback

Redhorse
Spotted Sucker.
Carp
Drum
Shad
Mooneye
Channel Cat. . .

Blue Cat
Flathead Cat . .

Black Bullhead
Paddlefish

Longnose Gar.

.

Silver Lamprey
Emerald Shiner
Storer's Chub. .

Bluntnose
Fathead
Log Perch

X
xo

xo
X

xo

xo
xo
X
o
xo
X
X

X
xo

xo

X

xo

X
xo
X
xo
xo

X

X

xo

X
X
xo
xo

xo
xo
o

xo

X

X
xo
X
xo
xo

xo
x

xo

xo
xo

xo
xo

X
xo

o
xo
X
xo
X
xo
xo

X
X

X

X
xo
X
X
xo

X
xo
xo
xo
X
xo
xo
X

xo

xo

X
xo
X
xo
xo

X

xo
X
xo
xo

xo
X

xo

X
xo
xo
xo
xo

X

xo

o

X
xo
X
X
xo

X

X
X
X

xo
xo
X

xo
X
X

X
xo
X
X
xo

o
X
X
xo

xo
xo

o
X
X
xo
X
X
xo

X

X

xo

X
xo
X
xo

xo
X

xo

xo
xo

xo

xo

xo
xo

X - Represents species present at initial poisoning.

- Represents species present at second poisoning.

the lower pools into the locks during the total 240 to 480 hours in

which the lower gates were left standing open.

From Table III it can also be noted that when the upper gates

were opened only 449 fish, most all of which were small in size,

weighing only 84.56 pounds, remained in the locks. From this in-

formation it must follow that fishes do use the navigation locks for

purposes of movement from one pool to the other and that movement
is in an upstream direction at least at this time of year (See Figure

2 for a graphic illustration of the poundage differences found during

the two poisonings). What this movement means to the fish popula-

tion of each individual pool is not known. If the movement of fishes

through these locks is not allowed to continue, certain changes in the
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Table II. Population Composition for All Lock Chambers
at Time of Initial Test

Species Number
Weight

in Pounds
Percent

of Number
Percent

of Weight

L. M. Bass 39
16

82
282

4
128
31
5
2

115
3
13

6
52

632
206
12

337
63
25
2

3
22
1

297
420
4
4
15

17.97
4.71
19.36
19.17
0.16
4.19
2.30
0.45
0.80
28.49
3.30
1.71
0.67

390.62
92.27
89.43
1.38

87.61
0.80
38.81
0.20
24.42
32.06
0.03
1.68
1.35
0.03
0.02
0.28

1.38
0.57
2.91
10.00
0.14
4.54
1.10
0.18
0.07
4.08
0.11
0.46
0.21
1.84

22.40
7.30
0.43
11.95
2.23
0.89
0.07
0.11
0.78
0.04
10.53
14.89
0.14
0.14
0.53

2.08
0.54

White Bass 2.24
White Crappie
Warmouth

2.22
0.02

Bluegill 0.48
Longear 0.27
Green Sunfish

Sauger
0.05
0.09

Buffalo 3.30
Quillback 0.38
Redhorse 0.20
Spotted Sucker
Carp

0.08
45.20

Drum 10.68

Shad 10.35
Mooneye 0.16
Channel Cat 10.14

Blue Cat 0.09
Flathead Cat
Black Bullhead
Paddlefish

4.49
0.02
2.83

Gar 3.71
Lamprey
Emerald Shiner

Storer's Chub
Bluntnose Minnow . . .

Fathead Minnow
Log Perch

o!l9
0.16

t Totals
*~ mm

2,821 864.27 100.02 100.00

populations of the pools may or may not occur. It may be that each

pool is an entity unto itself and is not dependent upon the pool

adjacent to it for its supply or supplementary supply of fishes. It is,

however, possible that the downstream areas are more productive than

the upstream areas and that by having access to the upper river

through the locks any excess fishes produced in the downstream areas

could leak off into the less productive upstream areas and therefore

afford a greater yearly supply of fishes to the fishermen of the upper

river. Also, it may be that some individual pools are more productive

of certain types of fishes, have better and more extensive spawning

and feeding areas, and may have better and more diversified tribu-

taries than adjacent pools. Therefore, movement from these more

productive pools into the less productive pools may be necessary to



Movement of Fishes Through Navigation Lock Chambers 55

LOCK NUMBER
Fig. 2. Total pounds of fish recovered in each lock during the initial poison-

ing (triangles) and the second poisoning (circles).

Table III. Population Composition fob All Lock Chambers at Time
of Second Test

Species Number
Weight

in Pounds
Percent

of Number
Percent

of Weight

L. M. Bass
Ky. Bass
White Bass

3

6
7

64
64
14
1

68
20
4
1

45
13

22
94
1

10

10

1

1

1.10
0.50
0.97
0.91
1.97
0.53
0.08
36.96
3.32
3.20
0.28
2.65
0.58
1.25

28.52
1.64
0.02
0.06
0.01
0.01

0.67
1.34
1.56

14.25
14.25
3.12
0.22
15.14
4.45
0.89
0.22
10.02
2.90
4.90

20.94
0.22
2.23
2.23
0.22
0.22

1.30
0.59
1.15

White Crappie
Bluegill

Longear

1.08
2.33
0.63

Green Sunfish

Buffalo

Redhorse
Spotted Sucker
Carp
Drum

0.09
43.71
3.93
3.78
0.33
3.13

Shad
Mooneve
Channel Cat

0.69
1.48

33.73
Flathead Cat
Emerald Shiner

Storer's Chub
Bluntnose Minnow. . .

Log Perch

1.94
0.02
0.07
0.01
0.01

449 84.56 99.99 100.00



56 Ellis B. Carter

maintain a higher degree of fishing success in the latter. Whether any

or all of the above is factual or not is not known. It is known, how-

ever, that extensive movement does take place.

Summary

1. A total of ten of the fourteen existing locks on the Kentucky-

River were used as test areas in an effort to determine if and to what

extent the fishes of this river used the navigation locks as a means of

travel from one pool to the other.

2. A total of twenty-nine species of fish were found to be using the

locks. In the ten locks 2,821 fish, weighing 864.27 pounds, were found

to have moved into the lock chambers from the pools below the dams

and all except 449 of these fish, weighing 84.56 pounds, were as-

sumed to have moved out of these chambers upstream into the pools

above.

3. What effects this movement has on the fish populations of each

individual pool is not known, nor is it known what this movement
contributes to the fishery of the entire river system. Some of the

possible effects have been discussed.
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An Evaluation of Nine Types of Commercial
Fishing Gear in Kentucky Lake*

Ellis R. Carter

Division of Fisheries

Department of Fish & Wildlife Resources

Frankfort, Kentucky

I. Introduction

XVentucky Lake is a man-made impoundment, formed in 1945 by

a multi-purpose dam across the Tennessee River at a point 22 miles

above its confluence with the Ohio River. The lake has an area of

* This paper is a result of Federal Aid Project F-2-R, of the U. S. Fish and Wildlife
Service, Department of the Interior.
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260,000 acres and extends southward from the dam at Gilbertsville,

Kentucky, a distance of 184 miles through western Kentucky and

Tennessee. Maximum width is two miles and an average depth of 23

feet is maintained at conservation pool level. The maximum elevation

in 1952 was 359.37 feet above sea level. Annual water level fluctua-

tion was eight feet or less. The lake is subject to considerable wind

action and often for short periods is unsafe for small boats.

The water is seldom clear, usually having a Secchi disc reading

of approximately two feet. The lake does not stratify, having less

than a 3° F. temperature variation between surface and bottom at

any given time during the year. The dissolved oxygen content is

high and varies less than 1 ppm from the surface to depths of 70

feet or more. Except for this feature, the lake is primarily of the

eutrophic type.

On June 19, 1951, an investigation was initiated on Kentucky

Lake to determine whether or not a rough fish problem existed. Pre-

liminary findings indicated a need for further study and on Novem-

ber 19, 1951, the present investigation was begun and was to encom-

pass the following three primary objectives

:

(1) To compare the general efficiency of different types of gear

and the extent to which each type is selective for rough fishes

;

these comparisons to be made with respect to different depths

and bottom types.

(2) To investigate the present status of the fish population of

this lake.

(3) To determine the value of rotenone sampling as an indicator

of the harvestable fish population in these waters.

At the end of the first 18 months of netting it was evident that

game species, particularly white crappie, comprised a large per-

centage of the fish population. Because of the importance of the

crappie to the sports fishery of Kentucky Lake, and its increasing

popularity there, an age and growth study of the white crappie was

made (Carter, 1953).

A study of migration and percentage of harvest of the major

game species was begun in January, 1953, and is nearly completed.

The results will be published later.

II. Materials and Methods
Nine types of commercial fishing equipment were used during the

course of this investigation. These include hoop nets, fiddler nets,
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wing nets, gill nets, trammel nets, wire baskets, wood baskets, lead

nets and heart-lead nets. Two of these types, hoop nets and fiddler

nets, are legal for use by licensed commercial fishermen at the present

time.

These nine net types may be grouped into four basic types. Hoop

and fiddler nets differ only in size, and wing nets are of either type

but with addition of wings for the purpose of increasing mouth area

of the net. Gill and trammel nets are both straight nets and hold

the fish by entanglement. Wire baskets and wood baskets differ in

materials used in construction and, although not collapsible, are

much the same as hoop nets. Lead and heart-lead nets are like hoop

nets with the addition of wings and a lead.

The hoop nets used were of one inch mesh and larger. Net sizes

varied from three to five feet in diameter at the mouth and tapered to

a minimum diameter of two feet at the tail. They were composed of

heavy twine cord woven around wooden supporting hoops, or in some

cases, hoops fashioned from light metal rods. Most were equipped

with two funnel shaped throats. These nets were set at depths to 30

feet. Oil cake, a by-product of cotton seed oil meal preparation, was

used as bait in an effort to increase the catch of carp.

Fiddler nets were constructed in the same basic pattern as the

hoop nets, but were always less than 2y2 feet in diameter at the

mouth. They were provided with either one or two throats. The most

common mesh size was one inch. The fiddler net, like the hoop, is a

deep water net and was often set in water up to 30 feet in depth.

The wing nets, or fyke nets, varied from three to five feet in

diameter at the mouth and were never of less than one inch mesh at

the tail. The last hoop varied from two to four feet. Occasionally a

variation of the standard wing net was used, in which one portion of

the first supporting hoop is fiat, forming a Q -pattern. This Q -wing

type has more stability and less tendency to roll in rough, shallow

water, and is less likely to be shifted from proper position.

Wings of these nets were never more than 20 feet long, and

ranged from three to seven feet in depth, depending upon the size

of the net to which they were attached. Mesh of the wing varied from

one and one half to four inches and was larger in each case than the

mesh in the tail. Some nets were equipped with a small '

' hood '

' over

the wing adjacent to the first hoop, to prevent fish from moving up
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and over the wing, since most sets were made in water of sufficient

depth to cover the net.

Gill nets usually were 300 feet in length, although occasionally a

100-foot net was used. Other dimensions were varied, depths rang-

ing from four to ten feet and square mesh measure from one to five

inches.

Trammel nets were placed in stationary sets rather than as part

of drifting procedures and they were never used in conjunction with

other equipment. Mesh sizes ranged from one to four inches, length

from 50 to 300 feet, and depth from four to ten feet.

Wire baskets were constructed in the same form as hoop nets,

with the supporting hoops covered with one inch poultry wire. Most

were of two-throat design and the diameter varied from three to five

feet. These nets are not collapsible but remain in stretched position.

Wood baskets were cylindrical and not more than two feet in

diameter. The wooden strips or slats were spaced one inch apart and

each slat extended the entire length of the net. Wood baskets do not

collapse, and are slightly bulky.

The lead net is a wing net with a straight lead or seine used to

"lead" fish to a point between the wings. The lead may vary in di-

mensions but in this case was 100 feet long, six feet deep and had

a mesh of 1.5 inches. This net is best used adjacent to the shoreline.

The heart-lead net is a three-piece set, much like the simple lead,

except that it includes a wing net for each end of the lead. The wing

nets are set facing each other, usually at a distance of 200 feet, de-

pending on the length of the lead.

In addition to the above mentioned types of gear, rotenone was

employed in sampling six areas.

III. Netting Areas and Sampling Procedures

Netting areas were selected to vary as much as possible in depth

of water, shoreline characteristics, bottom types and distinctions as

to cove, main lake channel, or main lake shelf areas in Kentucky

Lake, where the study was carried on. These areas were selected after

37 bottom samples were taken by means of an Ekman dredge. Seven-

teen areas were considered from which five were selected and netted,

these areas being diversified in characteristics, yet typical in many
ways of this section of Kentucky Lake (Fig. 1). The five areas

are listed below with an outline of principal physical characteristics.
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Fig. 1. Map showing location of netting areas and rotenone sampling

areas in Kentucky Lake.

Area I. Confluence of Malcolm Creek with Big Bear Creek
Depth 8 to 12 feet

Bottom Clay muck, relatively free of stumps
Location Shoreline to 300 yards from shore

Shore Loose sandstone and depleted soil, timber

Area II. Confluence of Big Bear Creek with Main Lake
Depth 6 to 15 feet

Bottom Blue clay and sand, relatively clear of stumps
Location Shoreline to % mile from shore

Shore Eroded soils, sandstone

Area III. Scout's Cove
Depth 5 to 15 feet

Bottom Sand and gravel, stumps and roots

Location Shoreline to 100 yards from shore

Shore Sand and gravel, broomsedge, second growth

timber

Area IV. Middle of Main Lake
Depth West 4 to 12 feet

East 16 to 30 feet
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Bottom Fine sand, clay or loam muck
Location One-half to one mile from shore

Area V. East Shoreline Below Smith's Creek
Depth 4 to 24 feet

Bottom Sand and/or clay muck
Location Shoreline to 100 yards from shore

Shore Lime rock formation, gravel, timber

Area I is a typical shallow cove area. Area II is a deeper cove

with more diversity of netting sites. This area has a shallow channel

which was heavily netted and produced good catches, and also has

shelf formations to which sets of the heart-lead net were readily

adapted.

Area III has a distinct bottom type and a greater variety in

depths. It was difficult to maneuver the more complicated sets in

this space because of the extreme variation in bottom contour. Area

IV consisted of a variety of bottom and depth conditions. It was

about one half mile from shore and included both shelf and channel

areas as well as the
'

' second bank '

' of the original river channel.

Area V is primarily a channel area, although a shallow cove is

within its bounds and several net days were logged in shallow water.

All net types were used in as many of the areas (Table II) and

in as many different sites within each area as feasible. Each net was

regarded as a separate set for each calendar month. If a net was held

over from one month to the next, it was regarded as a new net after

the first day of the succeeding month in order to correlate the catch

with the season.

Data relevant to net description, dates of setting and removal,

area number and description were recorded on the form shown in

Figure 2. The following information was recorded for each speci-

men: Date of capture, total length in inches and tenths of inches,

weight in pounds and tenths of pounds, sex, degree of maturity, and

the apparent general physical condition. Scale samples were taken

from the crappies and the white bass.

Nets were raised daily, pertinent data recorded and the fish re-

leased. This procedure was followed seven days per week for 116

days, except during hazardous weather conditions. After that period

nets were raised each day during the week with the exception of

Saturday and Sunday with no apparent change in catch due to this

change in schedule.



62 Ellis B. Carter

COMMERCIAL FISHERIES STUDIES

AREA NUMBER II NET NUMBER 12

TYPE OF NET Wing DEPTH OF WATER 8 ft.

BOTTOM TYPE Blue clay and sand

DESCRIPTION OF AREA Mouth of Big Bear Creek

Net: Diameter mouth 4 ft., diameter tail 3 ft., mesh tail 2 in.

Wings: Length 12 ft., depth 4 ft., mesh 2J^ in.

DATE SPECIES LENGTH WEIGHT TAG NO.

4-17-52 1 w. crappie 7.5 0.2 1508 U

1 w. crappie 12.4 1.1 1525 U M
1 w. crappie 11.8 0.7 1523 U M
1 bluegill 6.7 0.2 U M
1 yellow bass 7.0 0.2 U R

4-18-54 1 w. crappie 9.9 0.4 1506

1 w. crappie 11.1 0.7 U M
1 b. crappie 10.6 0.6 I M
1 bluegill 6.4 0.2 U R

1 bluegill 6.6 0.2 U M
4-18-54 Net removed

U - Unharmed

I - Injured

M - Mature

R - Ripe

Fig. 2. Sample field data sheet.
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Grouped sets such as the lead and heart-lead nets are considered

a single piece of equipment.

A net day is one 24-hour period for each net set.

Reference to "game" fish include both game and pan fishes,

grouped as in Table VIII. Forage and trash fishes are treated as one

group.

IV. Species Harvested

Table I lists the 36 species of fish taken during 26 months of

continuous netting, plus two species, the log perch and Mississippi

threadfin, which were taken in population samplings only.

Table I. A List of Species Taken in Experimental Commercial Netting
Equipment and by Botenone Sampling in Kentucky Lake

Paddlefish Polyodon spatula (Walbaum)
Longnose Gar Lepisosteus osseus Rafinesque
Bowfin Amia calva Linnaeus
Mooneye Hiodon tergisus LeSueur
Gizzard Shad Dorcsoma cepedianmn (LeSueur)
Mississippi Threadfin Dorosoma petenense Evermann and Kendall
Blue Herring Pomolobus chrysochloris Rafinesque
Bigmouth Buffalo Megastomatobus cyprinella (Valenciennes)
Black Buffalo Ictiobus niger (Rafinesque)
Smallmouth Buffalo Ictiobus bubalus (Rafinesque)
Quillback Carpiodes cyprinus (LeSueur)
River Carpsucker Carpiodes carpio (Rafinesque)

Spotted Sucker Minytrema melanops (Rafinesque)
Redhorse Moxostoma spp.

Carp Cyprinus carpio Linnaeus
Channel Catfish Ictalurus punctatus (Rafinesque)
Blue Catfish Ictalurus furcatus (LeSueur)
Flathead Catfish Pilodictus olivaris (Rafinesque)

Black Bullhead Ameiurus melas (Rafinesque)
Brown Bullhead Ameiurus nebulosis (LeSueur)
Yellow Bullhead Ameiurus natalis (LeSueur)
Chain Pickeral Escx niger LeSueur
Northern Pike Esox lucius Linnaeus
White Bass Lepibema chrysops (Rafinesque)

Yellow Bass Morone interrupta Gill

Eastern Sauger Stizostedion c. canadense (Smith)

.
Log Perch Percina caprodes (Rafinesque)

Largemouth Bass Micropterus salmoides (Lacepede)
Kentucky Bass Micropterus pwictulatus (Rafinesque)

White Crappie Pomoxis annularis Rafinesque
Black Crappie Pomoxis nigro-maculatus LeSueur
Warmouth Chaenobryttus coronarius (Bartram)
Rock Bass Amblopliles rupestris (Rafinesque)

Bluegill Lepomis macrochirus Rafinesque

Green Sunfish Lepomis cyanellus Rafinesque

Orangespotted Sunfish Lepomis humilis (Girard)

Longear Sunfish Lepomis megalotis (Rafinesque)

Freshwater Drum Aplcdinotus grunniens Rafinesque
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All species taken are common throughout this section of Kentucky

with the exception of the northern pike which was introduced into

Kentucky Lake in March, 1953, by the Kentucky Department of

Fish and Wildlife Resources.

In the remainder of the text and tables the yellow bullhead, brown

bullhead, and black bullhead have been grouped under the common
heading of bullhead.

Of the 38 species, 15 are considered game and pan fishes, 16 are

considered commercial fishes and seven, including the log perch and

Mississippi threadfin, are classed as forage and trash species. These

groupings are shown in Table VII.

V. Relation of Catch to Equipment Type

In Tables II, III and IV the catch of each net type is shown in

total pounds, in pounds per net day, in pounds per area, and the

numbers of fish in each category. Since catch composition varies with

each net type, the nets are considered separately.

Table II. Total Catch Per Type of Gear in Each Area

Area I Area II Area III Area IV Area V Total

Net

No.
Wt.
(lbs.) No.

Wt.
(lbs.) No.

Wt.
(lbs.) No.

Wt.
(lbs.) No.

Wt.
(lbs.) No.

Wt.
(lbs.)

321

125

1,594

147

42

7

28

271

188.9

42.8

1,134.2

242.3

19.3

4.7

17.2

292.7

684

596

193

270

85

15

327

2,427

891.5

642.7

497.6

187.8

34.4

10.8

361.1

3,273.4

286

276

602

51

15

131

24

158

355.8

285.8

329.2

176.0

21.8

36.9

7.2

268.5

139

102

210

9

550

330

4

125

220.2

154.1

178.8

106.1

254.5

110.0

8.5

201.5

37

303

332

93

47

121

13

122

105.5

286.3

206.6

137.0

50.6

20.8

3S.2

173.9

1,467

806

3,334

493

924

667

63

355

3,103

1,761.9

Fiddler 769.0

Wing 2,491.5

Gill 1,159.0

Trammel

Wire Basket ....

Wood Basket . .

.

534.0

202.1

69.4

378.3

Heart-lead 4,210.0

Total 2,535 1,942.1 4,597 5,899.3 1,543 1,481.2 1,469 1,233.7 1,068 1,018.9 11,212 11,575.2

Figure 3 is a graphic record of the poundage caught in each

net type per net day.

Hoop nets are one of the two net types easiest to use and are

adaptable to almost any type of set. These nets were used in all

areas and accounted for 1761.9 pounds of fish, as shown in Table II.

The highest yield for hoop nets was recorded in Area II. The highest

yield per unit of effort for this net was taken in Area IV, as shown

in Table III. It may also be noted from Table III that the commercial

fishes predominated in the catch in every area except Area I in which
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Table III. Comparison of Catch by Net Type Per Area in Pounds
Per Net Day

Type Net
Days

Type
Area I

1,023

Area II

1,447

Area III

1,193

Area IV

800

Area V

884

Total
Lbs/net
day

Game & Pan 0.50 0.24 0.28 0.51 0.05 0.30

Hoop 1,227 Commercial 0.39 1.53 0.85 1.78 1.04 1.14

Trash 0.00

0.S9

0.00

1.77

0.00

1.13

0.00

2.29

0.00

1.09

0.00

Total 1.44

Game & Pan 0.66 0.00 0.12 0.10 0.12 0.17

Fiddler 601 0.05

0.01

0.00

0.00

1.33

0.00

1.60

0.03

1.00

0.00

1.10

Trash 0.01

Total 0.72 0.00 1.45 1.73 1.12 1.28

Game & Pan 2.46 1.36 1.01 0.63 0.79 1.43

Wing 1,429 0.20

0.06

2.72

0.56

0.01

1.93

0.09

0.01

1.11

0.15

0.03

0.81

0.47

0.00

1.26

0.28

Trash 0.03

1.74

Game & Pan 1.30 0.08 0.22 0.00 0.07 0.17

Gill 727 Commercial 1.25 0.99 0.74 0.94 0.50 0.81

Trash 3.22 1.33 0.03 0.01 0.16 0.61

Total 5.77 2.40 0.99 0.95 0.73 1.59

Game & Pan 0.10 0.27 0.17 0.65 0.55 0.38

Trammel 421 Commercial 0.13 0.78 0.20 0.81 0.14 0.51

Trash 0.04 0.54 0.07 0.67 0.13 0.38

Total 0.27 1.59 0.44 2.13 0.82 1.27

Game & Pan 0.00 0.41 0.94 2.74 0.50 0.80

Wire Basket 191 Commercial 0.00 0.08 0.35 1.08 0.00 0.24

Trash 0.00 0.00 0.03 0.11 0.00 0.02

Total 0.00 0.49 1.32 3.93 0.50 1.06

Game & Pan 0.10 0.17 0.02 0.00 0.02 0.05

Wood Basket 305 Commercial 0.07 0.06 0.05 0.08 1.14 0.18

Trash 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.17 0.23 0.07 0.08 1.16 0.23

Game & Pan 0.41 3.22 0.00 0.00 0.00 2.43

Lead 107 Commercial 0.16 1.47 0.00 0.00 0.00 1.10

Trash 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.57 4.69 0.00 0.00 0.00 3.53

Game & Pan 1.90 31.57 4.21 3.65 2.78 10.55

Heart-lead 339 Commercial 0.16 3.56 3.68 3.06 1.36 1.S5

5,347

Trash .

.

0.00

2.06

0.08

35.21

0.00

7.89

0.00

6.71

0.00

4.14

0.02

Total 12.42

Total

game and pan fishes were taken more frequently. Table IV indicates

the hoop net is more successful in the taking of commercial fishes than

for other species, since commercial types represented 79.18% by

weight of the catch in this net.
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Table IV. Comparative Harvest of Game, Commercial, and Trash Fish
Per Type of Gear

Number

Net
Game and Pan
No. %

Commercial
No. %

Trash
No. %

Total
No.

Hoop 666
365

3,016
84

296
647
33
328

2,916

45.4
45.3
90.5
17.0
32.0
97.0
52.4
92.4
94.0

800
427
252
173
142
13
30
27
186

54.6
33.0
7.5

35.1
15.4
2.0
47.6
7.6
6.0

1

14

66
236
486

7

1

0.0
1.7
2.0
47.9
52.6
1.0

"O.O

1,467
Fiddler

Wing
Gill

806
3,334
493

Trammel
Wire Basket
Wood Basket ....

Lead

924
667
63
355

Heart-lead 3,103

Total 8,351 74.5 2,050 18.3 811 7.2 11,212

Weight

Net Game and Pan
Lbs. %

Commercial
Lbs. %

Trash
Lbs. %

Total
Lbs.

Hoop 366.5
103.6

2,044.8
123.1
159.6
152.2
14.2

260.3
3,575.9

20.8
13.5
82.1
10.6
29.9
75.3
20.5
68.8
84.9

1,395.0
662.0
407.2
589.6
216.2
45.7
55.2
118.0
627.7

79.2
86.1
16.3
50.9
40.5
22.6
79.5
31.2
14.9

0.4
3.4
39.5
446.3
158.2
4.2

6.4

0.0
0.4
1.6

38.5
29.6
2.1

0.2

1,761.9
Fiddler 769.0
Wing 2,491.5
Gill 1,159.0
Trammel
Wire Basket
Wood Basket ....

Lead

534.0
202.1
69.4
378.3

Heart-lead 4,210.0

Total 6,800.2 58.7 4,116.6 35.6 658.4 5.7 11,575.2

Fiddler nets are small, easy to use and may be set in either shal-

low or deep water. These nets took 769.0 pounds of fish in 601 net

days, an average of 1.28 pounds per net day. They were more effi-

cient with two throats than one, as were all barrel-type nets. Fiddler

nets, like hoop nets, were more successful in the taking of commercial

species, these fishes making up 86.09 per cent of the total harvest in

fiddler nets. Area I is the only exception ; here game and pan species

dominated the catch.

Wing nets were used more than any other type and were respon-

sible for the capture of greater numbers of fish than any other type.

During 1,429 net days, 2,491.5 pounds were taken, an average of

1.74 pounds per net day. Game and pan species predominated in the
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POUNDS PER NET DAY FOR EACH NET TYPE
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Fig. 3. Pounds of catch per day for each net type. G, game and pan
species; C, commercial species; T, forage and trash species.

harvest from each area and comprised 82.07 per cent by weight of

the total harvest of these nets.

Gill nets were used in all areas and yielded an average of 1.59

pounds per net day for 727 days. This net type produced 1,159.0

pounds of fish, of which 589.6 pounds, or 50.9 per cent, were com-

mercial fishes and the greater part of the remainder were trash spe-

cies. Areas III, IV and V yielded a greater percentage of commercial

fishes to this net type and Areas I and II produced a greater repre-

sentation of forage and trash types. The fishes taken by gill nets

had a mean weight of 2.35 pounds.

Trammel nets harvested 534.0 pounds of fish during 421 net days.

The average harvest was 1.27 pounds per net day, with only a slight

preponderance of commercial species in the catch. Area V was the

only area in which greater poundages of game fishes were taken by

the trammel net.
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Wire baskets were completely unsuccessful in Area I but took an
average of 1.06 pounds per net day during 191 net days in the other

four areas. In Areas II through V they harvested more game fishes

than other types : 152.2 pounds of game fish of a total catch of 202.1

pounds. Wire baskets harvested the smallest fishes taken in this ex-

periment, the fishes averaging only 0.30 pounds per fish.

Wood baskets produced the lowest average return per unit of

effort, with only 0.23 pounds per net day for 305 days. Area V pro-

duced the largest catch, 38.2 pounds during 33 net days. The total

poundage for this net type was 69.4 pounds and 79.5 per cent of this

amount was made up in commercial types.

The lead net was fished in Areas I and II only. Of the 378.3

pounds taken during 107 net days in these two areas, 68.8 per cent

were game and pan fishes. The lead net produced an average of 3.53

pounds per net day, but was much more successful in Area II than
in Area I.

The heart-lead net yielded more pounds per net day than any
other net used in the study. This net produced 4,210.0 pounds of

fish during 339 net days and it, like the lead net, yielded a better

harvest in Area II. Game fishes represented 84.94 per cent of the
total catch in this net.

VI. Differences in Catch with Regard to Area
The average harvest per area was 2,315.0 pounds of which 1,360.0

pounds or 58.75 per cent were game fishes, 823.3 pounds or 35.56 per
cent were commercial species and the remaining 5.69 per cent were
forage and trash fishes (Table V).

Table V. Catch Per Area in Pound-s

Game and Pan Commercial Trash

Area Pounds
Percent
of total

catch
Pounds

Percent
of total

catch
Pounds

Percent
of total

catch

Area 1 1516.0
3841.0
630.0
461.9
351.3

1360.0

78.06
65.11
42.53
37.44
34.48

58.75

261.0
1709.2
838.0
678.4
630.0

823.3

13.44
28.97
56.58
54.99
61.83

35.56

165.1
349.1
13.2
93.4
37.6

131.7

8.50
5.92
0.89
7.57
3.69

5.69

Area II

Area III

Area IV
Area V
Average of all

areas
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In Area I the harvest of game fishes was slightly above average.

Of a total catch of 1,942.1 pounds, 1,516.0 pounds or 78.06 per cent

were game species. Table III shows that the yield per unit of effort

or net day was 1.90 pounds. This area is relatively shallow, lacking a

clearly defined channel, and has several shoal areas.

Area II produced 5,899.3 pounds of fish in 1,447 net days for an

average of 4.08 pounds per net day, more than twice the yield per

unit of effort of any other area. Also, this is the only area in which

netted fishes averaged more than one pound each. Game fish repre-

sented 65.11 per cent of the total poundage, while commercial types

made up 28.97 per cent by weight. The "deep water" portions of the

area are about nine feet in depth, with a series of channels in which

the water is approximately 13 to 15 feet deep. Some of these channels

are believed to be much used fish "runs," or paths used by moving

schools of fishes.

Area III yielded 1,481.2 pounds during 1,193 net days, or 1.24

pounds per unit of effort. The per day harvest is the lowest of the

five areas. Commercial species were predominant in the catch, repre-

senting 56.58 per cent of the total harvest. Game fish made up 42.53

per cent, and forage and trash fishes less than one per cent. In this

area carp made up 71.4 per cent of the commercial catch, a higher

percentage than in any other area. This was due in part to the fact

that nets were baited for carp. Area III is shallow but has two fairly

deep channels within its bounds.

Area IV has one shallow portion four to six feet deep, termed a

shelf area since deeper water, in the form of a main lake channel and

a secondary channel, surrounds it. These channels are included in

the netting area. This area is below average in yield but produced

1.54 pounds per net day, or 1,233.7 pounds total harvest. Commercial

types represented 54.99 per cent of the catch, game fish 37.44 per

cent and forage and trash fishes 7.57 per cent. Very small differences

in catch composition did not warrant separation of the data in ac-

cordance with depth differences within the area.

Area V produced the best commercial catch of the five areas. Com-

mercial fishes comprised 61.83 per cent of the total pounds taken.

This is primarily a deep channel area but many of the channel and

flathead catfish taken were caught in shallow water. Game fishes

made up 34.48 per cent of the total catch of 1,018.9 pounds for the

area. These were taken primarily in shallow water.
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The average yield for the five areas was 2.16 pounds per net day.

Species representation for each area may be found in Table VII.

VII. Comparison of Catch in Legal and Experimental Equipment

Only hoop nets and fiddler nets are legal for use in Kentucky Lake

by licensed commercial fishermen. These net types were used as con-

trol equipment or as a basis for comparison with the following non-

legal experimental nets : wing nets, gill nets, trammel nets, wire

baskets, wood baskets, lead nets and heart-lead nets.

Table VI is a comparison of the catch in legal and experimental

gear, with respect to catch in total pounds and in pounds per unit of

effort.

In Area I both legal and experimental nets produced more pounds

of game fish than of other types of fish. In legal gear the harvest of

Table VI. Comparison of Total Catch in Legal and in Experimental Gear

Area Type
Net Days Legal Experimental

Legal
Experi-

mental Total
Lbs./

net day Total
Lbs./

net day

Area I Game and Pan. .

Commercial
Trash
Total 272 751

144.9
86.1
0.7

231.7

0.53
0.32
0.00
0.85

1371.1
174.9
164.4

1710.4

1.83
0.23
0.22
2.28

Area II ...

.

Game and Pan .

.

Commercial
Trash
Total 504 943

119.2
771.9
0.4

891.5

0.24
1.53
0.00
1.77

3721.8
937.3
348.7
5007.8

3.95
0.99
0.37
5.31

Area III... Game and Pan .

.

Commercial
Trash
Total 514 679

111.9
529.7
0.0

641.6

0.22
1.03
0.00
1.25

518.1
308.3
13.2

839.6

0.76
0.45
0.02
1.24

Area IV . . . Game and Pan .

.

Commercial
Trash
Total 185 615

58.1
313.5
2.7

374.3

0.31
1.69
0.01
2.02

403.8
364.9
90.7
859.4

0.66
0.59
0.15
1.40

AreaV Game and Pan.

.

Commercial
Trash
Total 353 531

36.0
355.8
0.0

391.8

0.10
1.01
0.00
1.11

315.3
274.2
37.6

627.1

0.59
0.52
0.07
1.18

Total all

areas ....

Game and Pan .

.

Commercial
Trash
Total 1828 3519

470.1
2057.0

3.8
2530.9

0.26
1.13
0.00
1.38

6330.1
2059.6
654.6

9044.3

1.80
0.59
0.19
2.57
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game fish was almost twice that of commercial fish ; however, in ex-

perimental gear the harvest of game fish was nearly eight times that

of commercial types.

In Area II, the commercial fish catch was greater in legal gear

and that of game fishes greater in experimental gear. This area shows

more distinctly than any other area that experimental nets tend to

capture greater numbers of game fish.

Area III produced approximately equal total poundages of fish

per net day legal and experimental gear. Legal nets caught 529.7

pounds, or 82.6 per cent, commercial fishes while experimental gear

caught 518.1 pounds, or 61.7 per cent, game species.

In Area IV, which is in the main lake, legal net types harvested

significantly more pounds per unit of effort than experimental gear,

the only area in which this occurred. Legal net types harvested a pre-

ponderance of commercial fishes while experimental types harvested

slightly more game fish.

Again in Area V commercial fishes were outstanding in the catch

in legal net types while a slightly greater poundage of game fish was

taken in experimental gear.

Of the total poundage taken by legal nets in all areas, 81.2 per

cent consisted of commercial fishes while that of experimental nets

was 70.0 per cent game fishes.

In Figure 3 the catch by net type is presented and shows that the

wire basket, lead and heart-lead nets definitely took more poundage

of game fish than commercial fish.

VIII. Seasonal Fluctuation in Harvest

The high point in the harvest of both game and commercial species

occurred in April, 1952, at which time 2,037.0 pounds of game fish

and 855.5 pounds of commercial fish were taken (Fig. 4).

It is possible that this large harvest was due to a movement of

the game fishes toward their spawning grounds in April and the

early part of May. A study of white crappie collected during the

spring of 1952 shows that 826 of 925 crappie were sexually developed

during this period (Carter, 1953).

A similar increase in activity of commercial fish during the

spawning season seems logical, causing a peak in harvest of this type

in April also.
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SEASONAL FLUCTUATION IN HARVEST
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Fig. 4. Monthly fluctuations in harvest from nets.

Net harvest of game species declined to 732.3 pounds in May and

was less than 100 pounds per month during June, July, and August.

This low catch may be due to high water temperatures and consequent

lack of fish movement during the summer months.

In September the game fish catch rose to 270.8 pounds. This in-



An Evaluation of Nine Types of Commercial Fishing Gear 73

crease was probably the result of the stimulating effect of cooler water

with the coming of fall, causing increased fish movement.

The catch of commercial species declined from the April peak

to 372.3 pounds in May, but rose again slightly to 488.7 pounds in

June. After a drop to 197.4 pounds in August, the trend followed

that of the game fish with a rise to 335.7 pounds in September, thence

a steady decline to 40.6 pounds in December.

The game fish harvest was better in shallow-water areas (Areas I,

II and III) during the cooler months (January through June, and

November and December), but was better in deep water (Areas IV
and V) from July through October.

Catch of forage and trash species remained low throughout the

study. One month, January, 1952, produced a catch of over 100

pounds, made up chiefly of blue herring. The reasons for this large

catch of blue herring are unknown.

IX. Catch Composition

Table VII shows the total harvest of each species, in numbers

taken and total weight, for each area sampled during the 26-month

study.

Game and pan fish represented 58.75 per cent of the total catch.

White crappie provided 48.70 per cent of the total harvest and is

quite possibly present in larger numbers than any other game species.

In addition, sportsmen harvest large numbers of the commercial types

with hook and line and these fishes represented 35.56 per cent of the

total catch in nets.

The harvest of commercial species represents an industry engaged

in by several people in the vicinity of the lake and is a means of liveli-

hood for a large percentage of this group. In 1950, Kentucky li-

censed 1,460 commercial fishermen who took an average of 1,085

pounds of commercial species, and marketed their catch for $329,-

680.00 (Tompkins, Barber and Gerow, 1950). Thus the commercial

fish of this lake is of considerable economic value.

The trash and forage fishes represented a small portion of the total

catch in Kentucky Lake. The entire group made up only 658.4 pounds

or 5.69 per cent of the total catch. However, this does not include the

minnows, the Mississippi threadfin, or young of other fishes which

provide a bountiful food supply for the predators and which would

not be represented in any netting sample due to their small size.
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Game fishes taken during netting studies averaged 0.81 pounds

per fish, as may be derived from Table VII. Commercial species

averaged 2.01 pounds per fish, while trash and forage fish averaged

0.81 pounds, the same as game types. The average weight for the en-

tire 11,212 individuals was 1.03 pounds per fish.

X. Population Samplings

Population samplings have been conducted in this lake since 1948

as a means of determining species present, relative numbers and

spawning success.

A total of six population samplings was conducted in 1952 and

1953 in cove areas adjacent to netting stations II, III, and V. Sites

for eradication include two bay areas opening on the main lake and

two protected coves lying within another embayment (Fig. 1). Two
studies are duplications in 1953 of studies conducted the prior year.

These cove areas form a combined total of 7.4 acres. The bay to be

sampled was treated in each case with three pounds of powdered

derris (5% rotenone) per acre foot. A summary of results is shown

in Table VIII.

Note that with the exception of the Mississippi threadfin, the log

perch, and minnows which are too small to be taken in nets, all fish

taken in the population studies were also taken during netting opera-

tions. Nine species taken during the netting operations were absent

in the rotenone samples.

Table VIII shows that game and pan fishes made up 9.33 per cent

of the total poundage of a typical cove as determined by means of

rotenone sampling. This represents 5,884 fish of 12 species, weighing

151.21 pounds. Nine species of commercial fish accounted for 2,117

of the total number, and weighed 257.69 pounds or 15.89 per cent

of the weight of these samples. Carp represented 4.38 per cent of

the total poundage. Forage and trash types made up 74.78 per

cent of the total 1,621.40 pounds taken in the study, and shad

alone accounted for 95.11 per cent of the total weight of the forage

and trash fish.

When allowance is made for differences among species in their

reaction to rotenone and in the per cent recovered (Ball, 1948 ; Moor-

man and Ruhr, 1951 ) , these population studies probably are a reliable

index to the relative abundance and spawning success of the fishes of

a typical cove area in Kentucky Lake. However, they are not entirely
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Tarle VIII. Combined Summary of Six Population Samplings Made
During 1952 & 1953 of 7.4 Surface Acres of Cove Area

Species

Number

Total Percent

Weight in Pounds

Total Percent

Game and Pan
Largemouth Bass
Kentucky Bass
Sauger
White Bass
Yellow Bass
White Crappie
Black Crappie
Warmouth
Bluegill

Longear Sunfish

Green Sunfish

Orangespotted Sunfish

.

Total

Commercial
Channel Catfish

Blue Catfish

Flathead Catfish

Bullhead
Drum
Smallmouth Buffalo . . .

Carp
Carpsucker
Spotted Sucker

Total

Trash and Forage
Longnose Gar
Mooneye
Blue Herring
Shad
Log Perch
Mississippi Threadfin .

.

Miscellaneous Minnows

Total

Grand Total. .

.

1,328
26
20
79

287
68
2
10

3,330
546
73
115

5,884

303
44
26
11

1,588
7

100
2

36

2,117

3
24

1,408
20,562

61

3,937
1,113

27,108

35,109

3.78%
0.07
0.06
0.23
0.82
0.19
0.01
0.03
9.48
1.56
0.21
0.32

58.73
4.77
4.20
3.09
9.22
6.83
0.10
1.00

46.70
13.89
1.61
1.07

16.76

0.86
0.13
0.07
0.03
4.52
0.02
0.29
0.01
0.10

151.21

58.08
1.07

10.02
0.10
89.59
7.70

71.08
1.40

18.65

6.03

0.01
0.07
4.01
58.57
0.17
11.21
3.17

257.69

0.10
2.99
18.42

1,153.25
1.05

29.71
6.98

77.21 1,212.50

100.01 1,621.40

3.62%
0.29
0.26
0.19
0.57
0.42
0.01
0.06
2.88
0.86
0.10
0.07

9.33

3.58
0.07
0.62
0.01
5.53
0.47
4.38
0.09
1.15

15.89

0.01
0.18
1.14

71 . 13

0.06
1.83
0.43

74.78

100.01

reliable as an indicator of the harvestable fish population of a typical

cove area.

XI. Injury and Mortality to Netted Fishes

Of the 6,538 fish handled during the calendar year 1952, 356

were killed and 220 were injured as a result of being taken in nets.

These 576 fish represent 8.81 per cent of the total harvest.
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The highest rate of injury occurred during May (106 in a total

catch of 1,070; see Fig. 5). This high injury rate may be related to

their weakened condition resulting from spawning. The highest mor-

tality rate (64 in 141) occurred in January and was due to the rela-

tively large number of easily killed blue herring in the catch.

Seasons 1 Netting Mortalities 1952

Month
Total

Catch Injured Killed

Total

Killed &
Injured Percent Injured & Kill ;d in Monthly Catch

January

February

147

158

5

7

64

15

69

22

March 350 8 2 10

April 2338 44 37 81

May 1070 106 46 152

June 378 4 49 53

July

August

September

337

146

738

13

9

17

30

31

39

43

40

56

October 490 4 27 31

November 269 3 15 18

December 117 1 1

Totals 6538 220 356 576 10 20 3<J 40 50

Fig. 5. Deaths and injuries from nets, by months.

Figure 6 shows the number of fish killed, the number injured and

the per cent of deaths and injuries for each net type.

Gill nets were the most injurious, causing injury or death to 61.4

per cent of their catch, and trammel nets were almost as injurious,

killing or injuring 50.0 per cent.

Every effort was made to prevent mortality or injury by handling.

The fish were kept in large tubs, processed as quickly as possible, and

returned to the lake. Even so, this loss represents 12.95 per cent of

the total pounds caught. Many of the mortalities were large forage

fishes, such as shad and blue herring, which often died in nets when

these same nets were not injurious to more hardy species.

Summary and Conclusions

During experimental use of nine types of commercial netting

equipment, in five representative areas of Kentucky Lake, thirty six
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Netting Mortalities by Net Type 1952

Net Type
Total

Catch Injured Killed

Total

Injured

& Killed

Percent Injured and Killed Fish
Type Net

in Each

Hoop 840
y

10 3 13 1

Fiddler 663 4 34 38

Wing

Gill

Trammel

Wire Basket

1670

350

114

667

107

29

19

3

74

186

38

7

181

215

57

10 1

Wood Basket 26 - - -

Heart Lead 2108 48 14 62

Totals 6538 220 356 576
I | 1 1 1

10 20 30 40 50
1 1

60 70

Fig. 6. Deaths and injuries from nets, by net type.

species of fish were taken, of which 15 were game and pan fishes, 16

were commercial species and five were forage and trash fishes. Two
additional forage species were taken in population samples made with

rotenone. During 5,347 net days, 11,212 fish were taken, weighing

11,575.2 pounds.

Of the nine types of equipment, hoop nets are easiest to use and

took predominantly commercial species. Wing nets took more fish,

numerically, than any other type, but the catch was 82.07 per cent

game and pan fishes. Any of the seven barrel-type nets used were

more successful when constructed with two throats.

Gill nets were inefficient in mesh sizes over three inches, and were

selective for game fish in mesh sizes under three inches. Trammel nets

were slightly more successful in taking commercial species. Wire
baskets took the smallest fishes; however, 75.30 per cent were game
fish. Wood baskets produced the lowest average return per unit of

effort, but harvested 79.5 per cent commercial fishes.

Heart-lead nets caught a greater total poundage and also more

pounds per net day than any other type. Lead nets were the second

most successful type. Both, however, were rather selective for game
fishes, which comprised 84.94 and 68.8 per cent respectively of the

poundage take of these nets.

Area I, shallowest of the areas, produced the highest percentage

of game and pan fishes. Area II, with several secondary channels,
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yielded 4.08 pounds per net day, more than twice the yield per unit

of effort of any other area. This is the only area in which all netted

fishes averaged more than one pound.

Area III, a shallow main lake cove area, produced more carp
than any other area. Area IV, including a main lake shelf and main
channel, produced 1.54 pounds per net day. Area V, a channel area,

produced the best commercial catch of the five areas. Game fish har-

vest in commercial gear was negligible when nets were set in deep
water channel areas.

Evaluation of total catch by net types shows 81.2 per cent of the

catch in legal (hoop and fiddler) nets was composed of commercial
fishes, while experimental nets harvested 70.0 per cent game fishes.

The greatest harvest in nets occurred in April, 1952, for both
game and commercial fish types, probably as a result of fish movement
toward spawning areas. Catch of both types declined in the summer
as fish moved little or sought deep water. Cooler waters and conse-

quent increased fish movement brought a slightly increased catch in

September.

The total harvest consisted of 58.75 per cent by weight game and
pan species, 35.56 per cent commercial species, and 5.69 per cent

forage and trash species. The white crappie accounted for 82.89 per
cent of the game fish and carp composed 22.67 per cent of the com-
mercial group. Carp are not considered overabundant. Nets were
baited in an effort to insure a representative catch of this species.

Six population samplings by use of rotenone were conducted in

coves adjacent to netted areas. Results of these samplings showed
9.33 per cent by weight game and pan species, foremost of which is

the largemouth bass. Commercial types made up 15.89 per cent of

the sample, drum producing the greatest weight of the commercial
species. Forage and trash types made up 74.78 per cent of the total

weight of the combined rotenone samples, and shad accounted for

95.11 per cent of this weight.

Discrepancies between the harvest from nets and that from rote-

none can be due to at least three different factors. First, rotenone

sampling of necessity was confined to shallow cove areas while nets

were used in more open locations. Thus, different habitats were in-

volved. Second, the rotenone killed many of the smaller forage fishes

which were not taken in netting operations. Thus the ratio of game
to forage fishes differ markedly when the two methods are compared.
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A third factor to be considered is the relative selectivity of the two

methods for certain species. This is suggested by the gizzard shad,

which comprised almost three-fourths of the total poundage harvested

by rotenone but only slightly more than one percent of the total

poundage from nets.

Of the total harvest in 1952, 8.81 per cent of the fish captured

in nets were killed or injured. Grill nets caused injury to 61.4 per cent

of their catch. Injuries and deaths were more prevalent among less

hardy species, such as the blue herring. Since this fish was abundant

in the January catch, the netting mortality was greatest in this month.
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Densities and Viscosities of Methanol and Some
Methanol-acetone Mixtures over the

Temperature Range 20° to -50°C*

Paul G. Sears, Francis J. Shell and Lyle R. Dawson

Department of Chemistry, University of Kentucky,

Lexington, Kentucky

R eliable density and viscosity data for methanol and methanol-

acetone mixtures have been needed for a better analysis and interpre-

tation of several conductance studies which have been made over the

temperature range 20° to —50° C. in this Laboratory. Densities and

viscosities of methanol have been determined previously but disagree-

ment exists among the results of several investigators. Data for the

methanol-acetone mixtures are reported for the first time.

Experimental

Absolute methanol ('Baker Analyzed' reagent) was fractionated through

an efficient column after it had been refluxed for several hours over Activated

Alumina. The middle fraction, which was retained, had a density of 0.7865

g./ml. and a conductivity of 2 x 10~ 7 ohm-1 cm. _1
at 25° C. The middle

fraction of acetone, obtained through a similar purification treatment, had a

density of 0.7845 g./ml. and a conductivity of 1 x 10 -7 ohm-1 cm. -1 at

25° C. Solvent mixtures of methanol and acetone were prepared on a weight

basis with necessary buoyancy corrections being applied. All transfers were

made in a dry box.

Three size-50 Ostwald-Cannon-Fenske viscometers were employed

in the measurement of the efflux times of the liquids at the various

working temperatures in the range 20° to — 50° C. The calibrations of

the viscometers were based upon the viscosities of water, methanol

and acetone being 0.890 (1), 0.542 (2) and 0.302 (3) centipoise,

respectively, at 25° C. These values for methanol and acetone were

obtained by multiplying each of the most reliable literature values

by 0.890/0.895, which is a conversion factor for referring the litera-

ture values to the basis presently accepted by the National Bureau of

Standards. The viscometer constants at temperatures other than the

Based on research performed under Contracts No. DA-36-039-SC-42581 and No. DA-
36-039-SC 5398 for the U. S. Army Signal Corps.

Transactions of the Kentucky Academy of Science, 15 (3): 81-85. October, 1954.
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calibration temperature were calculated using the equation intro-

duced by Cannon and Fenske (4). Appropriate kinetic energy cor-

rections were calculated and applied in the manner suggested in their

paper. Flow times of the liquids through the viscometers, which

ranged from 115 to 625 seconds, were measured with calibrated timers

reading directly to 0.2 second. The viscometers were loaded in a dry

box in the proper manner using suction. While a measurement was

being made, the arms of a viscometer were vented to the atmosphere

through drying tubes containing anhydrous calcium chloride and

Ascarite. Estimated uncertainties in the measured viscosities range

from 0.5% at 20° C. to 1% at —50° C.

Two Pyrex pycnometers of 22.3 and 22.4-ml. capacities were used

for the density determinations. Each pycnometer consisted of a

spherical bulb to which was attached a small-bore graduated tube

closed with a ground glass cap. Doubly distilled water was used to

calibrate the pycnometers at 20° C. The mean deviation for three

determinations of the volumes did not exceed 1 part in 5000. Apply-

ing the appropriate corrections for the cubical contraction of Pyrex

glass (5), the volumes of the pycnometers were calculated at ten-

degree intervals over ti>a. temperature range studied; however, this

change was found to be essentially negligible. Calibrated weights

were used and all weighings were corrected to vacuum.

Constant temperature was maintained through the use of a manu-

ally controlled thermostat consisting of a five-gallon Dewar flask con-

taining Shellacol (impure ethanol) cooled by the addition of pow-

dered Dry Ice. Vigorous agitation of the bath liquid was obtained

through the use of a motor-driven stirrer having three sets of pro-

pellers. Temperatures in all cases were measured with thermometers

which are periodically compared with thermometers calibrated by

the National Bureau of Standards. Emergent stem corrections were

unnecessary inasmuch as the thermometers were totally immersed in

the bath liquid. The bath temperature was controlled within 0.2

degree.

Results

The densities and viscosities of methanol and the methanol-ace-

tone mixtures are listed in Tables I and II respectively. The data

in Table II represent mean values of triplicate determinations.
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Table I. Densities op Methanol and Some Methanol-Acetone
Weight Mixtures in g./ml.

Percent M . .

.

Percent A . . .

100 90
10

80
20

70
30

60
40

50
50

20°C 0.7915
0.8010
0.8105
0.8201
0.8296
0.8391
0.8486
0.8580

0.7952
0.8057
0.8155
0.8258
0.8363
0.8456
0.8553
0.8646

0.7969
0.8070
0.8174
0.8281
0.8370
0.8469
0.8567
0.8670

0.7970
0.8078
0.8183
0.8285
0.8396
0.8493
0.8592
0.8690

0.7970
0.8081
0.8183
0.8294
0.8404
0.8497
0.8598
0.8698

7956
10° 8068
0° 8174

-10°
-20°
-30°

0.8286
0.8385

8482
-40° 8580
-50° 0.8681

Table II. Viscosities of Methanol and Some Methanol-Acetone
Weight Mixtures in Millipoises

Percent M . .

.

Percent A. . .

100 90
10

80
20

70
30

60
40

50
50

20°C. . . 5.81
6.76
7.94
9.41
11.31
13.81
17.17
21.89

5.37
6.23
7.26
8.56
10.24
12.39
15.28
19.29

4.95
5.70
6.63
7.77
9.22
11.09
13.56
16.95

4.59
5.26
6.09
7.10
8.35
9.95
12.07
14.98

4.24
4.84
5.56
6.46
7.58
9.00
10.84
13.33

3.95
10°
0°

4.50
5.14

-10° 5.93
-20° 6.91
-30° 8.16
-40°
-50°

9.76
11.95

Discussion

It is shown in Fig. 1 that in each of these systems the logarithm

of the viscosity is a linear function of the reciprocal of the absolute

temperature. This indicates that the relation between the viscosity

and the absolute temperature may be described by the equation

^
10 y) = A + B(-) (1)

T
where A and B are constants characteristic of a particular liquid.

This equation may be converted into an exponential form of the loga-

rithmic base "e" as follows:

Y] = A'e B/2.303T
(2)

where A' is another constant. An exponential relationship of this

kind has been suggested empirically by Arrhenius (6) and Guzman

(7) and derived theoretically by Andrade (8). The constant B has

the significance of being equal to E vl8/R, where E vls is the activation
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3.5 4.54.0

l/T X I0 3

FIG. I. THE TEMPERATURE DEPENDENCE OF THE LOGARITHM OF THE VIS-
COSITY OF METHANOL AND SOME METHANOL-ACETONE WEIGHT MIXTURES.

NUMBERS REPRESENT PERCENTAGE OF METHANOL.

energy of viscous flow and R is the molar gas constant. Table III

contains the values for A, B and E vis for methanol and the methanol-
acetone mixtures.

Table III

Percent M-
Percent A A B E

vis (k-~cals.)

100-0 -1.0712
-1.0296
-1.0032
-0.9694
-0.9497
-0.9341

538.0
516.5
498.0
478.5
463.0
449.0

2.46
2.37
2.28
2.19
2.12
2.06

90-10
80-20
70-30
60-40
50-50

Inspection of the values for E vi8 in Table III reveals that these in-

crease with increasing methanol content. This seems to be evidence
that methanol is associated into polymeric groups which are broken
down to some extent upon the addition of acetone.

Summary
1. Densities and viscosities of methanol and five methanol-acetone

mixtures have been determined over the temperature range 20°
to —50° C.
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2. It has been shown that an equation of the type developed by
Andrade describes the relation between the viscosity and the ab-

solute temperature in each case.

3. Activation energies of viscous flow have been calculated for metha-

nol and for five methanol-acetone mixtures.
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The Preparation and Study of Barium Thiosulfate

Monohydrate with a View to Its Use As a

Primary Standard

Rev. Frederick N. Miller, S. J. and Sister Agnes Mary Brown 1

Xavier University, Cincinnati 7, Ohio

_L he purpose of this investigation was to show whether or not

barium thiosulfate monohydrate could be used as a direct primary

standard for iodine solutions.

A good primary standard should possess the following proper-

ties (1) :

1. It should be easy to obtain, purify and dry without change in

composition.

2. It should have a definite composition and be stable during

weighing and storage.

3. It should be testable quantitatively for impurities.

4. It should have a high equivalent weight.

1 Present address : Owensboro Catholic High School. Owensboro, Ky.

Transactions of the Kentucky Academy of Science, 15 (3) : 85-88. October, 1954.
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5. It should react in a simple, well-defined, rapid and complete

manner.

In the preparation of standard iodine solutions by titration against

a primary standard, arsenious oxide is usually recommended. Ar-

senious oxide, however, does not completely satisfy all the conditions

listed above as it has the relatively low molecular weight of 158 and

it requires a carefully buffered solution in order to get a quantita-

tive reaction with iodine. Iodine can also be standardized by reaction

with sodium thiosulfate. The use of pure, anhydrous sodium thiosul-

fate for this purpose has been found to be unsatisfactory (2) so that

a solution of sodium thiosulfate is used which has been previously

standardized against potassium dichromate or potassium iodate. Thus

two titrations (primary standard vs thiosulfate; thiosulfate vs iodine)

instead of one, are required, which increases the possibility of error.

In addition, thiosulfate solutions are not stable for any appreciable

length of time due to bacterial attack and therefore, may require

frequent restandardization.

It was thought that perhaps a salt of thiosulfuric acid other than

sodium might be suitable for the direct standardization of iodine

solutions. In the search for a thiosulfate that could be used, the

thiosulfates of ammonium, lead, calcium and iron were rejected at

once. Ammonium thiosulfate is too insoluble and too unstable. Cal-

cium thiosulfate is too unstable. The lead compound is too insoluble

and too unstable, while the ferric salt is deliquescent. Barium thio-

sulfate, however, is moderately soluble (0.208 g per 100 ml at 20°C

(3) and 0.399 g per 100 ml at 60°C), fairly easy to make and rea-

sonably stable. Consequently it was decided to prepare this com-

pound and further study its properties.

Experimental

Several methods for the preparation of barium thiosulfate monohydrate
are known. From among these, the method of Arnol and Santos (4) was
chosen. This consists essentially of precipitating barium thiosulfate mono-
hydrate by combination of water-alcohol solutions of barium chloride and
sodium thiosulfate.

Procedure: To 100 ml of a water-alcohol (30-70) solution, containing 1.5

g of sodium thiosulfate, is added slowly with stirring, 100 ml of a water-

alcohol solution (30-70) containing 1.5 grams of barium chloride. The order

of mixing is not important. The resulting finely divided precipitate is cen-

trifuged, the mother liquor is decanted and the residue is filtered with suc-

tion, using a No. 5 Whatman filter paper. The precipitate is washed until



Date of Aug. Dec. Apr. June
Preparation 1951* 1951* 1952* 1952* Ave.

June 29, 1951 99.95 100.0 100.2 100.2 100.1

July 10, 1951 100.0 100.4 100.1 100.0 100.1

July 31, 1951 100.0 100.1 100.1 100.1 100.1

Aug. 17, 1951 99.95 100.2 100.1 100.3 100.1

Aug. 21, 1951 100.2 100.3 100.1 99.8 100.1
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chloride free with a water-alcohol (30-70) mixture. It is then allowed to air

dry and is stored in a desiccator over silica gel. In four preparations, the

yield averaged 87 per cent.

Purity of the Barium Thiosulfate : The barium thiosulfate monohydrate so

prepared was analyzed by titrating weighed samples against a standard
iodine solution. A 0.1-0.2 g sample was dissolved in hot (60° C) water and
the resulting solution allowed to cool. This was then titrated against a

standard iodine solution using a calibrated microburet and freshly prepared
starch as indicator. The results obtained are listed in Table I. Results ob-

tained on various samples after storage for periods of time up to twelve

months are also listed.

Table I

Analysis of Barium Thiosulfate Monohydrate Preparations

Per Cent Barium Thiosulfate Monohydrate
Date of

Sample

I

II

III

IV
V

Discussion

Barium thiosulfate monohydrate can be prepared chemically pure

according to the method of Arnol and Santos and it remains stable

for a considerable period, if it is air dried and stored in a desiccator.

Its reaction with iodine proceeds without difficulty. Consequently,

its use as a primary standard for iodine solutions can be recom-

mended.

Recently MacNevin and Kriege (5) published work of a similar

nature in which they showed that

:

1. Barium thiosulfate monohydrate (99.85% pure) could be pre-

pared from sodium thiosulfate and barium chloride in aqueous

solution.

2. Barium thiosulfate monohydrate is stable up to 50°C.

3. A precision of 1 part per thousand or better is readily obtain-

able in standardizing iodine solutions.

4. Dilute solutions of barium thiosulfate monohydrate could be

used as standard solutions.

These authors also highly recommended the use of barium thiosul-

fate monohydrate as a standard substance.

* All values represent averages of 6-7 individual analyses.



Donald G. Miller

Summary

The method of Arnol and Santos was used for preparing Barium

Thiosulfate Monohydrate from a 70 per cent alcohol-water medium.

The precipitate was washed with a 10 per cent alcohol-water solution

until free from chloride, dried in the air, and the salt was titrated

with standard Iodine Solution. The composition of the Barium Thio-

sulfate Monohydrate proved to be accurate to within less than a 0.1

per cent error. The compound was kept for one year without change

in composition. It is proposed for use as a Primary Standard.
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A Further Condensation of the Whitehead-

Huntington Postulate Set for Boolean Algebra1

Donald G. Miller2

Department of Chemistry, University of Louisville, Louisville, Kentucky

uome time ago Bernstein (1) presented a formulation of Boolean

Algebra which was a simplification of the famous Whitehead-Hunting-

ton postulate set (2). This simplification was carried out by replacing

Huntington's Postulates Ha, lib, and V with the following single

one.

A. For every b in K, there exists a b' in K such that

1. a + bb' = a

2. a(b + b') = a

1 Read at the Spring Meeting of the Kentucky Section of the Mathematical Association
of America, 9 May 1953.

2 Present address : Brookhaven National Laboratory, Upton, L. I., New York.

Transactions of the Kentucky Academy of Science, 15 (3) : 88-91. October. 1954.
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In this paper the postulates for equality are assumed. K is a class of

elements, the + represents logical addition and is not to be confused

with ring addition which is often denoted by the same symbol, and

the • represents logical multiplication, a • b has been written ab for

brevity.

Several years later Diamond (3) simplified Whitehead-Hunting-

ton commutative and distributive laws in the following manner.

B. be + a = (c + a) (b + a)

C. (b + c)a — ca + Da

Diamond showed that A,B,C, closure for -f- and •, and the re-

quirement of at least two elements were sufficient to characterize a

Boolean Algebra. With respect to the number of transformation

axioms, the above formulation with only three such postulates is

among the briefer so far proposed.

It is possible, however, by an application of Bernstein's device (4)

to condense Diamond's set even further, in effect by the combination

of B and C. This will require the strengthening of A.

The proposed set consists of the undefined ideas, K, -f- •, and the

postulates are

:

Pi a + b is a unique element in K whenever a and b are in K.

P2 ab is a unique element in K whenever a and b are in K.

P3 [(a + c) (a + b)]d = (bc)d -f- ad whenever a,b,e,d, and the

combinations are in K.

P4 For every b in K there exists a b' in K such that

(a) a + bb' = bb' -fa = a

(b) a(b + b') = (b + b') a = a

P5 There are at least two distinct elements in K.

In the above, (b -f- b') a = a is not necessary as it is immediately

derivable from T2 below, but the set is more symmetrical with it in-

cluded. This does not invalidate the independence proof of P4b be-

cause in order to deny P4b , it is necessary to deny only one or the

other of its terms.

In order to show the equivalence of this set to any of the others,

it will be necessary to derive this set from some other one and con-

versely. We shall employ Diamond's set.

Pi — P5 are easily verified consequences of Diamond 's set. In

order to derive Diamond's set from Pi — P5 , it suffices to derive B
and C (which are Diamond's 3 and 4), since Pi, P2, and P5 are
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Diamond's 1, 2, and 6 respectively and P4 includes his postulate 5.

The derivation is as follows.

Ti (a + c) (a + b) = be + a Ps, P4

T2 ab = ba P4 ,
P«, P4

T3 (be + a)d = (bc)d + ad Tx inP3

T4 (b + c)a = ba + ca P4, T«, P4

T5 ti£l — 3, P4, T2, T4 ,
P4

T6 a + a' = a' -j- a P4, Ti, T5

T7 a +(b + b') = a + a' P4, Ti, P4 ,
T 6

T8 a + b = b + a P4, T 7 ,
T lf P4

T9 be + a = (c + a) (b + a) Ti, T8

Tio (b + c)a = ca + ba T4 ,
T 8

But T9 and Ti are B and C respectively.

This set is the shortest yet proposed for Boolean Algebra in terms

of the operations -f- and • together. If the closure and number of

elements postulates are ignored (i.e., if one considers only the trans-

formation postulates), then this set which consists of only two such

transformation postulates compares in brevity with the shortest sets

in terms of any operations whatever.* However it is not quite as

elegant as some of these owing to the complexity of P4 which has two

very strong subsections.

The consistency and independence of the postulates is demon-

strated by the following systems. S is the consistency example, Si is

the independence example for Pi, etc. A blank indicates no element

of K for that operation. Since these systems involve only two ele-

ments, when P5 is altered to read "There are exactly two elements

in K," this formulation will also be an independent set of postulates

for the two-valued logic.

So

Si

+ 1
1

1 1

1 1 1

1

+ 1

1

1

1 —

+ 1
1

I
1

1

1 1

1 1

. 1

1 1

.
1

1

—
1 1

Si

s4

+ 1
1

1

1 1

+ 1

1 1

•
1

1

1 1

. 1

1 1

+ = 0.0 =

* Compare the following sets: Bernstein's (K, /) set (5) and (K, D ) set (6),
(K, • ) set (7) and (K, •, _|_) set where -|_ is ring addition (8).

Byrne's
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ACADEMY AFFAIRS
Dr. Herbert Parkes Riley, professor of botany and Head of the Depart-

ment of Botany at the University of Kentucky, was honored as Distinguished

Professor of the Year 1953-54. This award is the highest honor for scholarly

achievement that the Arts and Sciences faculty of the University of Ken-
tucky can accord its members. The lecture by Dr. Riley, as Distinguished

Professor of the Year, was on "The Protective Action of Certain Chemicals

Against the Effects of Ionizing Radiation," and was given on March 25, 1954.

The Kentucky Society of Natural History invites the attention of

Academy members to the annual exhibition of natural photography, now in

its 14th year. Both prints and transparencies are judged and exhibited.

The Society particularly wishes to invite Kentuekians to participate in this

international competition. For rules and an entry blank, write to Box 81,

University of Louisville. The deadline for entries is October 30, 1954.

The Kentucky Section of the American Association of Physics Teachers

will hold its fall meeting in conjunction with the annual meeting of the

Kentucky Academy of Science.

The Division of Fisheries of the Kentucky Department of Fish and Wild-

life Resources is defraying part of the cost of publishing this issue of the

Transactions.

CALENDAR OF SCIENTIFIC MEETINGS
(Notice of future meetings of any scientific organization, whether affili-

ated with the Kentucky Academy of Science or not, may be inserted in this

column, provided that (a) the meeting place is in Kentucky or an adjacent

state, (b) the meeting is of state-wide rather than of only local interest, and
(c) proper advance notification is forwarded to the Transactions. It is

desirable to include the name and address of an individual from whom
additional information may be secured.)

October 22-23, 1954. Kentucky Academy of Science, Fortieth Annual
Meeting. University of Louisville, Louisville, Kentucky.

October 23, 1954. American Association of Physics Teachers, Kentucky
Section. University of Louisville, Louisville, Kentucky.

November 5, 1954. Kentucky Society of Natural History: 14th Annual
Exhibition of Nature Photography. Judging and first showing. University

of Louisville, Natural Science Building, 7:00 p.m. (Address Box 81, Uni-

versity of Louisville.) The accepted prints will be on exhibit in the Louisville

Free Public Library from November 28 through December 5. The accepted

slides will be shown in the same building at 3 :00 p.m. on November 28 and
December 5.



INSTRUCTIONS FOR CONTRIBUTORS

The Transactions of the Kentucky Academy op Science is a medium of
publication for original investigations in science. Also as the official organ of the

Kentucky Academy cf Science, news and announcements of interest to the mem-
bership are published therein. These include programs of meetings, titles, abstracts

of papers presented at meetings, and condensations of reports by the Academy's
officers and committees.

Papers may be submitted at any time to the editor or one of the associate

editors. Each manuscript will be reviewed by one or more persons qualified in the

field in addition to the editors before it is accepted for publication, and an attempt
will be made to publish papers in the order of their acceptance. Papers are ac-

cepted for publication with the understanding that they are no I to be submitted
for original publication elsewhere, and that any additional printing shall be at a
later date and shall be designated in an appropriate credit line as a reprint from
the Transactions of the Kentucky Academy of Science.

Manuscripts should be typed, double-spaced, with wide margins, on paper of

good stock. The original and one carbon copy should be submitted, and the author

should retain one additional carbon copy. It is desirable that the author have his

colleagues read the manuscript for clarity of expression and typographical or other

errors.

Titles must be clear and concise, and provide for precise cataloging. Textual

material should be in clear, brief, condensed form. Footnotes should be avoided.

Tables and illustrations are expensive and should be included only to give effective

presentation of the data. Articles with an excessive number of tables or illustra-

tions, or with poorly executed tables or illustrations, may be returned to the author

for modification.

Line drawings will appear as text-figures, while half-tones or other processes

requiring paper inserts will appear as plates. Text-figures should be jet-black on
white; shading may be indicated by stippling or lines but not by half-tone washes.

Drafting should be carefully done (hand lettering generally is not satisfactory).

Photographs for plates should have good contrast and be printed on glossy paper.

Plates and text-figures are to be numbered consecutively and independently; on the

back of each its number and the author's name should be written lightly in pencil.

Each plate and text-figure must be referred to specifically in the text and must
be provided also with a legend, the latter to be supplied as typed copy separate

from the figures. Figures should be arranged into groups whenever possible and
the legend for each group written as a separate paragraph. The amount of reduc-

tion desired should be indicated and should be consistent with the page dimensions of

this journal. Indications of magnification should apply to the reduced figure.

The aim of the paper should be made clear in the introductory portion. If the

paper is of more than a few pages it should contain a brief "Summary," which

should be lucid without recourse to the rest of the article. In the interest of biblio-

graphic uniformity, arrange all references under a "Literature Cited" heading,

in either of two sequences: (a) alphabetically by author and date, unnumbered, with

textual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b)

numbered in the sequence in which textual citation by numbers is made, as (1),

(2), etc. Use initials for given names. Titles of books must be included, but

those of articles in a serial may be omitted at the author's discretion. Abbreviate

names of journals, using the form employed by Chemical Abstracts or Biological

Abstracts. Separate the volume number from page numbers by a colon. References

to books should include also the place of publication and the publisher.

The author is responsible for correcting the galley proof. Extensive alterations

from the original are expensive and must be avoided or paid for by the author.

Galley proofs must be returned promptly. Blanks for reprint orders will be sup-

plied with the galley proof.
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The Protective Action of Certain Chemicals
Against the Effects of Ionizing Radiation*

Herbert Parkes Riley
Department of Botany, University of Kentucky

Lexington, Kentucky

Introduction

T or the last twenty-five or thirty years many experiments have
been carried out by many different investigations to determine the
effects of ionizing radiation on various plants and animals or on
various kinds of living tissue. Within the last decade such experi-
ments have been particularly numerous, stimulated in part by the
atomic bomb.

After information showing the effects produced on living organ-
isms by various types of radiation had been accumulated, investi-
gators began to turn their attention to the effects produced by radia-
tion administered in conjunction with some change in the environ-
ment of the organisms. Thus, plants and animals were irradiated at
temperatures above or below the normal, in the presence or absence
of oxygen, in different concentrations of oxygen, when deprived of
much of their normal water supply, while treated simultaneously
with infra-red radiation, or, more recently, while treated with a
host of different chemicals, administered either singly or in combina-
tion. One of the striking and significant results of these last experi-
ments is the reduction in the effect produced by the radiation when
it is given in the absence of oxygen or in the presence of certain
chemicals. Since many chemicals reduce the effect of the radiation

* The Distinguished Professor Lecture for 1953-54 of the College of Arts and Sciencesof the University of Kentucky; read March 25, 1954.
sciences

P™???-
exP"""ental data that support the statements in the last part of the section onProtective Effects were obtained through work performed under Contract No AT- (40-1)-±d47 tor the Atomic Energy Commission and will be published elsewhere.

'

This workwas supported also by a grant from the University of Kentucky Research Fund.

Transactions of the Kentucky Academy of Science, 15 (4) : 93-111. December, 1954.
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and since the effect of the radiation is almost invariably deleterious

to the organism or tissue irradiated, these chemicals are known as

"protective substances" and the phenomenon is generally termed

"radiation protection." It is with problems of protection that I

have been concerned in my research during the last few years and

about which I wish to talk this evening.

Effects of Radiation

The specific harmful effects of ionizing radiation will obviously

differ with the plant or animal which is studied. "Whether the whole

body or just a single small region is irradiated will also influence

the results. Since my own research has been concerned primarily

with the irradiation of chromosomes in plants, I will devote most of

my lecture to that phase of the problem. Before going into the de-

tails of chromosome damage, however, I would like to say a few

words about the injury caused by radiation to various organisms

in general.

Physiological Effects. Many of the effects of radiation can be

described as physiological and these physiological effects can be sub-

divided into immediate, delayed or secondary, and genetic, or effects

which appear only in subsequent generations. Good examples of im-

mediate effects are the cessation of cell division or the inhibition of

ciliary movement. Secondary effects are those such as result from the

slow degeneration of various tissues or cells or of glands, or which

are produced in various organs by a reduction of the blood supply.

Genetic effects are those which affect the hereditary mechanism of

a plant or animal and include both gene mutations and chromosome

aberrations.

Whole-body irradiation. In 1952, the U. S. Atomic Energy Com-

mission listed in general the probable effects of acute penetrating

radiation in humans. This information was based not only on clin-

ical observations made on man but also on experiments with various

animals. The magnitude of the effects depends on the dose of radia-

tion which the person received, but a really satisfactory method of

measuring radiation dose has not been found and several different

methods are in use. For biological material, the usual unit of

measurement is the roentgen, commonly abbreviated to "r. " Per-

sons receiving up to 50r of whole-body radiation show no obvious

injury although those receiving between 25 and 50r sometimes show
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changes in their blood. Between 50 and lOOr, a person shows changes
in the blood cells and some injury but is not disabled, but between
100 and 200r he shows not only injury but also possible disability.
A dose of 200r or more is very serious. Between 200 and 400r a
person will not only be very definitely injured but will also be
disabled and in some cases will die. Doses of 400r are fatal in 50
per cent of the cases and doses of 600r or more are always fatal.

Of all the radiation effects on living organisms, those produced
by the whole-body irradiation of human beings are probably the
most interesting and are also of the greatest importance. These
effects include deaths and injuries from acute radiation as from an
atomic explosion and also possible injuries to people who work with
ionizing radiations. One of the purposes of obtaining information
on the results of whole-body irradiation is to be able to designate
permissible levels of exposure for X-ray technicians, workers in
atomic energy installations, and others who are likely to be exposed
to some type of ionizing radiation. Coupled with this purpose is

the hope that means might be found of counteracting the results

produced by exposure and developing methods of radiation therapy.
In animals that are exposed to radiation, both the lymphoid and

the hemopoietic tissues receive considerable damage. The lympho-
cyte count is found to be low and the animal does not readily de-
velop immune reactions. Kats treated with X-rays show an increase

in their metabolic rate. Kirschner, Prosser, and Quastler (1949)
exposed 20 albino rats to doses of 648 to 972r of X-rays. Six died
in 3-5 days ; within 24 hours after irradiation they showed an eleva-

tion of oxygen consumption of about 35 per cent. Bight of the rats

died between 9 and 10 days after irradiation; they showed an in-

crease in oxygen consumption of 58 per cent until a day before they
died, at which time the oxygen consumption dropped consider-
ably. The other six rats survived this potentially lethal dose. Their
oxygen consumption showed an increase of 32 per cent during the

first seven days after irradiation, dropped to 10 per cent during the

8-to-10-day postirradiation period, and then rose to 25 per cent and
was still elevated at 17 days.

Other rats were given sublethal doses of 54 to 432r. Their meta-
bolic rate rose about 8% per cent for 16 days following irradiation,

and there was very little difference in the response within this sub-

lethal range. With lethal doses, the rise in oxygen consumption
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occurs during the first 24 hours, but with sublethal doses it occurs

more slowly. With lethal doses there was an average weight loss

of 17 per cent after 5-6 days for all the rats that died, and there was

little change after the fifth or sixth day for the rats that died in

the 9-10 day period. For those that survived the lethal dose the

loss was only 7 per cent on the fifth day, remained at that figure

until the ninth day and then rose to the preirradiation level. With

sublethal doses it was small and of short duration. The irradiated

animals eat less than the controls and their thyroid metabolism, as

indicated by the iodine turnover is increased two to three days after

irradiation. With humans exposed to an atomic explosion, deaths

begin to occur in about a week and reach a peak in 3 to 4 weeks,

declining thereafter to about 8 weeks after which there are rela-

tively few.

Higher plants. Various effects have been reported for plants

subjected to radiation, and are somewhat conflicting. Twenty-five or

so years ago, statements could be found in botanical literature that

light exposures to X rays have a stimulating effect on plant growth,

causing an acceleration of the growth rate and an increase of dry

weight, although some experiments showed no apparent growth stim-

ulation. Medium to heavy doses seemed to give conflicting results.

In an extensive study Miss Johnson (1931) reported seedlings of

tomato, sunberry, sunflower and two species of vetch were given one

or two doses of weak radiation. After they had grown for a suit-

able period of time their green and dry weights were compared with

other plants treated in the same way but without the irradiation.

No stimulating effect was found. Similar results were obtained for

leaf, floral and bud development in tulips, and tubers of the Colorado

wild potato also were not stimulated.

Eadiation has been known to induce flowering in grapefruit.

Moore and Haskins (1932) treated seeds with X rays and planted

them. In about a month two seeds had germinated. Six weeks later

the seedlings showed flower buds and about three months after the

seeds had been planted the seedlings produced diminutive but other-

wise normal flowers.

Mutations. Gene mutations or point mutations involve changes

in the genes, themselves, which result in the production of new visible

types of individuals. In the fruit fly, the organism that has been

studied so widely in genetics, the normal eye is red. Over forty
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years ago, a white-eyed fly suddenly appeared one day in Dr. Mor-

gan's laboratory. This type was new, but was inherited once it

appeared. It is thought that in one fly the gene that normally pro-

duced red eyes for some unknown reason changed so that thereafter

it produced white eyes. Such gene mutations are thought to be

chemical changes in the structure of the gene. They normally occur

spontaneously but at a very slow rate. The frequency of spontaneous

mutation varies with the gene itself, but is generally about one in

100,009 to one in 10,000,000 for any particular gene. The rate at

which a gene mutates, however, may be greatly affected by certain

external conditions. Increased temperature generally increases the

rate as do ionizing radiations and ultra-violet light, provided, that

the light can penetrate to the mutating region. Certain chemicals,

such as the nitrogen mustards, have similar effect. Mutations pro-

duced by ionizing radiation may result from radiation applied ex-

ternally to the body, as by an X-ray machine, a cobalt-60 source, or

a thermo-nuclear pile, or may be produced internally by absorbed

radioisotopes. It has been estimated that X-radiation will cause a

doubling of the mutation rate with every 50r in Drosophila (Spar-

row and Rubin, 1951) and with somewhere between 3r and 300r in

humans (Wright, 1918). Whether natural radiation from cosmic

rays has any effect is a disputed point. It is pretty generally agreed

that the frequency of spontaneous mutation is too high to be caused

by cosmic radiation (Hess and Engster, 1919), but some biologists,

such as Haldane (1918), believe that naturally occurring radiation

may explain most of the spontaneous mutations in man.

Chromosome aberrations. Much of our knowledge of the action

of radiation on the hereditary mechanism arises from direct micro-

scopical observations of the chromosomes of plants and animals some

time after irradiation. These chromosomes are irradiated during

some state of cell division or during the interphase between divisions,

and the damage that has been done to them is assessed by examining

them when they come into the metaphase or anaphase stages. The

chromosomes are examined at metaphase or anaphase because they

are most clearly seen during those phases. The chromosomes behave

as if they are single threads if irradiated during the interphase,

but as double threads if irradiated when in prophase. Cells which

are in interphase at a certain time come into metaphase three to four

days later. Therefore, the metaphase and anaphase stages are studied
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three or four days after irradiation so that these cells would have

been in interphase at the time of treatment.

Several plants have been used extensively in radiation experi-

ments. Chief among these are the onion and the broad bean, in

which the growing roots are studied, and Tradescantia, in which the

effects on the division of the pollen grain nucleus are observed. Tra-

descantia paludosa is especially valuable because it has large chromo-

somes which are not too numerous to be seen clearly.

"When chromosomes are subjected to ionizing radiation, breaks

in the chromosomes may occur. More breaks will be produced by

high doses although the relationship is not always linear. If one

or more breaks occurs in the chromosomes of a cells, several conse-

quences may result: (1) the broken ends may rejoin, the break may
heal, and there would be no evidence that a break had occurred;

(2) the broken ends may heal without joining resulting in per-

manently broken chromosomes; (3) broken ends which had not pre-

viously been connected may join to produce new chromosomal ar-

rangements. As a result of this behavior the following types of

aberrations may be found at metaphase and anaphase: (1) terminal

deletions; (2) simple interstitial deletions, chiefly acentric rings;

(3) interstitial deletions producing centric rings and acentric frag-

ments; (4) interchanges between two chromosomes, resulting in di-

centric chromosomes accompanied by double fragments; (5) recipro-

cal interchanges between two different chromosomes producing some

types which cannot be recognized under the microscope as inter-

changes because the exchanged pieces are of equal size. In almost

all cases these chromosome abnormalities result in the death of the

cell which is affected. If the cells irradiated are the germ cells, a

high degree of sterility will be found.

Protective Effects

If the plants and animals are treated with radiation and also with
some other factor such as unusual temperatures or certain chemicals,

the combined effect is often to reduce the damage which would be
brought about by the radiation alone. Such a protective effect has
been found against various kinds of radiation damage such as chromo-
some breakage, gene mutation, killing of bacteria and other micro-
organisms, radiation sickness in humans, death of mice, rats and other
laboratory animals, inhibition of cell division, prevention of germina-
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tion of seeds and spores, and delay in the growth of seedlings. Again,

because my own work has dealt with chromosome aberrations, I will

devote more time to that topic.

Chromosome aberrations. One of the conditions which has been

studied most thoroughly is anoxia, or the absence of oxygen. If

Tradescantia buds in which the division of the pollen grain nucleus

is about to occur are placed in an atmosphere which has a lower per-

centage of oxygen than does air, and if they are irradiated while in

such a lower oxygen tension, the dividing nuclei will have fewer

chromosome aberrations than will those found in buds irradiated in

air.

The method is simple. Inflorescenses are cut off with stems two
or three inches long and are placed in a lucite box which can be made
airtight. The box with the inflorescences is placed in the X-ray
machine so that the buds are a desired distance from the tube. At
one end of the box there is an opening which is connected to a

vacuum pump and at another place there is an opening which can be

closed or which can be connected to a cylinder of gas. By this means

the air in the box can be evacuated and can be replaced with another

gas.

When the air is replaced with nitrogen there are fewer aberra-

tions, but wThen it is replaced with 100 per cent oxygen, the aberra-

tions are more numerous. This relationship is true for both inter-

stitial deletions and chromosomal interchanges. Since the lowered

aberration frequency might be due to the nitrogen rather than the

absence of oxygen, the experiment was repeated using argon or

helium, showing that the absence of oxygen is the important factor

(Giles and Riley, 1949). Subsequent experiments in which the buds

were irradiated in carbon dioxide or in a vacuum gave the same re-

sults. When the air is replaced with oxygen in various concentra-

tions from zero to 100 per cent, the aberration frequency increases

very rapidly from zero per cent to 21 per cent, which is the con-

centration in air. From there until 100 per cent the rise is very

gradual. This relationship is true for both deletions and inter-

changes.

With all protective substances there is a question whether the

protective condition must be present at the time of irradiation, be-

fore irradiation, or after irradiation. Actually, the time varies with

the protective condition, but with anoxia or with most chemicals the
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time of irradiation is important. This is shown by a set of experi-

ments in Tradescantia. Buds in helium before and during irradiation

or just during irradiation had a reduced aberration frequency where-

as buds in helium before but in air during irradiation showed the

same frequency as those which had not been given helium at any

time. Comparable results were obtained with a vacuum. Buds in

a vacuum before, during and after irradiation showed a reduced fre-

quency of both deletions and interchanges, and the results were

exactly the same even when oxygen was introduced within three

seconds after the irradiation. On the other hand, when buds were

in oxygen during the irradiation the frequency of aberrations was

high even when the oxygen was removed as soon as possible after

irradiation. When the buds were in a vacuum before irradiation,

irradiated half the time in a vacuum and half the time in air, and

kept in a vacuum for 10 minutes after the irradiation they showed

an aberration frequency intermediate between buds irradiated the

entire time in a vacuum and those in oxygen continuously during

the radiation (Riley and Giles, 1950; Giles and Riley, 1950).

Cells which are examined in metaphase 24 hours after irradiation

would have been in prophase at the time of irradiation. Therefore,

their chromosomes would have been double structures during irra-

diation and many of the aberrations that would be seen at metaphase

would be single fragments. Aberrations produced after the chromo-

somes have doubled or "split" are chromatid aberrations (Riley,

1936) and, like the chromosome aberrations, are fewer when the cells

are irradiated in the absence of oxygen (Riley, Giles and Beatty,

1951, 1952). Unfortunately, time does not permit a discussion of

these chromatid aberrations.

When the cells were irradiated in various percentages of oxy-

gen at different temperatures they had more chromosome and more

chromatid aberrations at low than at high temperatures. However,

when they were irradiated in nitrogen, both types of aberrations

were fewer at low temperatures (Giles, Beatty and Riley, 1951).

Experiments were also performed to determine the effect of

oxygen on the production of both chromosome and chromatid aberra-

tions by fast neutrons derived from uranium fission in the Oak Ridge

nuclear reactor. Here again it is observed that in the absence of

oxygen the frequencies of all types of aberrations are reduced when
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equal dosages of fast neutrons are compared (Giles, Beatty and Riley,

1952).

Within the last few years it has been found that certain chemicals

other than gases will offer more or less protection against radiation

damage. Some of these are sulfhydryl compounds such as gluta-

thione, cysteine, mercaptosuccinic acid, mercaptopyruvic acid, and

2, 3-dimercaptopropanol, otherwise known as British anti-Lewisite,

or more simply as BAL. Some of the other important protective

substances are metabolites, and include sodium nitrite, sodium hydro-

sulfite, glucose, ferrous sulfate, and stannous chloride.

In trying out some of these chemical protectors it was not possible

to use Tradescantia microspores. When inflorescences were remoAred

from the plant, placed in an aqueous solution of one of these pro-

tective substances, and irradiated while in the solution, the results

were all negative. Apparently the chemical substance was absorbed

as it traveled upwards through the stem and never reached the buds.

When it was realized that Tradescantia buds were not a suitable

material, onion roots were tried. The onions are placed in water and

left there until the roots are a centimeter or two in length. They

are then placed in the solution, are irradiated while in the solution

and are then allowed to remain for ten minutes after irradiation

before they are replaced in water. The chromosomes are studied

three or four days later. Most of the chemicals apparently pene-

trate the roots readily. It is far easier for them to enter a root

that is only about two or three millimeters thick than it is to go

up a stem perhaps five centimeters long and then go through the

various parts of the flower before they reach the pollen grains.

Onion root tips are definitely protected by 2 x 10
~ 3 M concen-

tration of BAL and of sodium hydrosulfite. Stronger solutions often

kill the roots but when they do not, they reduce the damage from ra-

diation. Concentrations up to about 2 x 10
~ 6 M give some protection

although the lower concentrations are less effective than the higher

(Riley, 1952). In this study the onions were irradiated with gamma
rays from a cobalt-60 source at Oak Ridge.

Other solutions have also been tried. Good protection seems to

be conferred by Na metabisulfite, Na hydrosulfite, Na sulfhydrate, Na

pyrosulfate, and Na thiosulfate but not by Na persulfate (peroxidi-

sulfate). Glucose does not appear to protect but 10% ethyl alcohol

does. In this study the onions were treated with X rays from the
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X-ray machine in the College of Engineering at the University of

Kentucky through the kindness of Professor Joseph R. Hammond.

Certain chromosome aberrations, especially inversions, result in

the appearance of chromatin bridges and fragments at anaphase,

so the frequency of cells with bridges, with or without fragments,

is sometimes used as a test for radiation damage. When onion roots

from germinated seeds were irradiated in solution with gamma rays

the results were similar to those just mentioned. Protection seems

to be conferred by BAL, sodium hydrosulfite, sodium pyrosulfate,

and possibly by ethanol but not by glucose. However, this study

indicates that sodium persulfate is possibly effective.

The Mechanism of Protection

Since the early days of the study of radiation biology, several

different hypotheses have been proposed to explain the mechanism

by which ionizing radiations act on living organisms. One of the

oldest is the poison hypothesis. It was formulated about thirty

years ago when most of the radiation studies dealt only with the

ability of radiation to kill or at least to retard the growth of the

plant or animal treated. According to this hypothesis the effects

of radiation on a plant or animal were believed to result from the

production of chemical compounds which were poisonous to the or-

ganism or tissue irradiated.

The results of other experiments, such as the exponential survival

curves, indicated that the poison hypothesis was not satisfactory,

and the target theory was proposed. According to this hypothesis

radiation is absorbed in cells as discrete and statistically distributed

processes. It is further assumed that the cells contain certain radia-

tion-sensitive volumes. If the energy is absorbed by a sensitive

volume the biological reaction results. For mutations, the radiation-

sensitive volume was assumed to be the gene ( Timofeeff-Ressovsky,

Zimmer and Delbruck, 1935) and the discrete, distributed processes

were considered to be simple ionizations. The biological effects are

the consequence of a direct absorption of energy in these vital sensi-

tive volumes.

About ten years ago the target theory was believed to be a satis-

factory explanation for the genetical effects of radiation, i.e. for the

action on genes and chromosomes, but it was generally thought that

non-genetical or physiological effects were the result of some indirect
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action of radiation. According to this hypothesis, the radiation of

the water or perhaps of other cell substances produces some inter-

mediate compounds which in turn produce the ultimate effect on

the organism or tissue. One of the chief arguments in support of

this idea of an indirect action is the fact that oxygen pressure exerts

an influence on the induction of chromosome disturbances in plants.

Therefore, it rests in large measure on the work we did on the oxygen

effect. This effect of the lack of oxygen on chromosomes has been

found in a number of other plants as well as in Tradescantia and

also in Drosophila where it was carefully worked out by Baker and
Sgourakis (1950) at Oak Ridge very soon after the studies of Dr.

Giles and myself. Strong additional support was given by Stone,

Wyss and some of their collaborators at Texas (Stone, Wyss and

Haas, 1947 ; Stone, Haas, Clark and Wyss, 1948 ; Wagner, Haddox,

Fuerst and Stone, 1950). They found that if Staphylococcus aureus

is grown on a medium that had previously been irradiated, more

mutants would appear than if grown on unirradiated medium. Fur-

thermore, they found that the fungus, Neurospora crassa, showed a

higher mutation rate when the conidia were treated with nutrient

broth which had previously been irradiated with ultra-violet light.

If the indirect mechanism is to be considered, we might well ask

what chemical compounds might be formed that would be responsible,

at least in part, for the radiation effects. Since water is the universal

solvent in living organisms and since it is so abundant in living cells,

we might well inquire whether radiation has any effect on water. If

pure water is free from dissolved gases no appreciable change occurs

if it is exposed to radiation of low ion density such as X-radiation

or gamma radiation, although it is decomposed to form hydrogen

peroxide by a high ion density radiation such as alpha-rays. How-

ever, if the water contains dissolved oxygen, hydrogen peroxide is

produced even by X-rays and gamma-rays. (Bonet-Maury and Le-

fort, 1948; Bonet-Maury and Frilley, 1944). When water is irra-

diated, hydrogen atoms are produced, among other things. When
oxygen is present dissolved in the water, it apparently converts the

free hydrogen atoms to the hydroperoxyl radical (H0 2 ), which is

a powerful oxidizing substance and which in turn may be converted

into hydrogen peroxide. The free oxygen by removing some of the

hydrogen atoms apparently increases the survival of the free OH
radicals which are also formed. Oxygen, therefore, would be ex-
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pected to increase the sensitivity to radiation of any biological sys-

tem which is sensitive to oxidation.

The precise role of hydrogen peroxide in radiation biology is

not well understood. That it probably has some significance is shown

by some of the work of the Texas group (Wagner, Haddox, Fuerst

and Stone, 1950). They treated conidia of Neurospora crassa with

2.5 to 5.0 parts per million of hydrogen peroxide and obtained a

significant per cent of mutants. The fact, too, that mutations can

be produced by irradiating the medium before the fungus is grown
in it is good indication that the effect is in large part indirect rather

than direct. It does not necessarily follow, however, that hydrogen

peroxide itself is the agent. There is evidence that the hydrogen

peroxide may react with the medium or with some of the cellular

constituents to form organic peroxides which may be the real, muta-

genic agents, but even so, hydrogen peroxide is a big factor. In

cells, hydrogen peroxide is normally destroyed by the enzyme, cata-

lase. When both bacteria and Drosophila were treated with po-

tassium cyanide below the concentration necessary to kill the organ-

ism, the mutation rate for the bacteria and the chromosome aberra-

tions in Drosophila were both markedly increased. Presumably the

cyanide poisoned the cellular catalase and thus permitted an ac-

cumulation of hydrogen peroxide.

Apparently the removal of oxygen reduces radiation damage by
reducing the formation of peroxides and similar substances. What
about the protective effect of the chemical compounds which I de-

scribed? Some of the substances act simply as oxygen acceptors,

removing dissolved oxygen from the solution. Solutes that do not

accept oxygen are not protective. On this basis, sucrose, sodium
chloride, sodium nitrate, ferric sulfate and stannic chloride are not
protectors, whereas glucose, sodium nitrite, ferrous sulfate and stan-

nous chloride generally are.

The protective action of compounds like BAL is not clear. These
are chemically sulfhydryl compounds since they contain —SH groups.
In addition to BAL, compounds of this class which have been widely
used include cysteine and glutathione. Their mode of action is not
clear, although it is known that sulfhydryl addition is similar to the
removal of oxygen in the production of a number of biological effects.

Probably the prevailing view is that both anoxia and sulfhydryl com-
pounds may have several modes of action. It is possible that both
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might alter the nature of the sensitive volumes or targets and thus

operate against the direct action of radiation. It is also possible

that they may modify the reactions produced by irradiating water,

e.g. they may reduce the availability of oxygen, and thus reduce any

indirect effect. The exact mechanism or mechanisms are far from

known, but that is probably to be expected since the reactions are

complex and the possibility of protection has been studied for only

a few years.

Other organisms. A reduction in radiation damage as the result

of irradiating under unusual conditions has been found in a number

of other organisms by many biologists. For example, it has been

shown that germinating seeds are six to seven times more sensitive

to X radiation than dry, dormant ones as measured by subsequent

growth of several organs. This is due in part at least to the dif-

ference in water content (Ehrenberg, Gustafsson and Nybom, 1952;

Henshaw and Francis, 1933, 1935). Germinating seeds, furthermore,

are more susceptible to damage from X rays if they are irradiated

in the presence of oxygen. The Swedish scientists who have made

this study consider that there may be two reasons, the indirect effect

from the irradiation of water and an alteration of the metabolic

rate of the plants. They found, too, that oxygen pressure exerts a

smaller influence on the sensitivity of germinating seeds to neutrons

which may indicate that neutrons act largely in a direct and X rays

in an indirect manner (Nybom, Gustafsson and Ehrenberg, 1952).

Pollen grains, too, are more sensitive when soaked in water for eight

hours than they are when dry (Kaplan, 1951; Gelin, 1941).

Temperature is another factor that affects radiation-sensitivity.

Dormant corn seeds can withstand very low temperatures such as

—187°C and are less damaged by radiation at that temperature than

they are at room temperature (Maxwell and Kempton, 1939 ;
Kemp-

ton and Maxwell, 1941; Maxwell, Kempton and Mosely, 1942).

Various chemicals have also been tried by botanists. Thus, a certain

amount of protection against X rays is conferred on dry wheat and

barley seeds by propene, magnesium chloride and by diethyl ether

in high concentration (Nybom, Gustafsson and Ehrenberg, 1952)

and by sulfhydryl compounds such as hydrogen sulfide or mercapto-

acetic acid. Similarly, seedlings of the Alaska pea are protected

against ultra-violet light if they are sprayed with solutions of uracil

(Puleston, Fults and Payne, 1952).
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Probably of greater interest to a non-botanist are the results of

treating mammals, as these studies might ultimately lead to the dis-

covery of something beneficial to humans. When rats are given
whole body irradiation in 5% oxygen the time during which 50 per
cent of them die is twice as long as if they are irradiated in air

(Dowdy, Bennett and Chastain, 1950).

Several chemicals reduce the injury to mice which are given
whole-body irradiation. If sodium nitrite in phosphate buffer is

administered intraperitoneally one-half hour before X irradiation,

the mortality is greatly reduced and the loss in weight is not so

great (Cole, Bond and Fishier, 1952). When mice are given an
injection of 0.1 grams of sodium cyanide just before whole-body
irradiation 50 per cent or more survived whereas all the controls

died between the fourth and ninth days. If the same dose of cyanide
was administered two minutes after irradiation there was no survival
although mortality was delayed, and if it was given 15 minutes
afterwards there was no effect at all (Bacq, Herve, Lecomte and
Fisher, 1950). Cysteine when given before irradiation gave pro-

tection against X rays, gamma rays and fast neutrons although the

degree of protection is somewhat less for neutrons (Patt and Straube,

1953). Cysteamine (also called B-mercaptoethylamine) when in-

jected into mice 1-3 minutes before irradiation with 700r allowed
97 per cent to survive whereas all that had not received the injection

were killed by that dose, but there was absolutely no protection when
the cysteamine was given within three minutes after the X rays.

With cysteamine, 1300r must be given to have the same destructive

effect as 700r without the protective treatment (Bacq, Deschamps,
Fischer, Herve, Le Bihan, Lecomte, Pirotte and Rayet, 1953). Large
doses of histamine and of other amines are also effective (Bacq and
Herve 1951, 1952), and radiation-induced mortality in mice is de-

creased by injecting intraperitoneally before exposure either acetyl-

B-methylcholine or carbamylcholine (Burnett, Burke and Upton,
1953).

Another protective substance is thiourea which reduces the mor-
tality of mice if given immediately before (but not after) irradiation.

The degree of protection for thiourea is equivalent to lowering the
X-ray dose 10 to 15 per cent and is also about the same for ethane-

dithiophosphonate (Mole, Philpot and Hodges, 1950). Cobalt also

seems to protect, for mice given food soaked in 2% cobalt chloride
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for 5 to 8 days before and 15 days after irradiation showed signifi-

cant resistance to whole body X irradiation (720r) when compared

to those on a food diet alone (Parr, O'Neill and Krebs, 1953). Ac-

cording to Patt and his co-workers, the key to recovery from radia-

tion injury in mammals is blood formation (hematopeiesis) and co-

balt produces an excess of red blood cells (polycythemia).

Rats have been used in a number of experiments. Cysteine, a

powerful reducing amino acid, affords protection if given from one

hour to five minutes before irradiation but has no significant effect

if administered afterwards (Patt, Tyree, Straube and Smith, 1949;

Patt, Smith, Tyree and Straube, 1950). The degree of protection

is increased with the amounts of neutralized cysteine hydrochloride

added up to 950 mg. per kg. of body weight. More than that is

poisonous. Apparently the cysteine reduces the radiation-induced

depression of the heterophil, red blood cell and lymphocyte count,

which would indicate that both bone marrow and lymphoid tissue

are protected.

In some recent experiments it has been shown that rats on a

diet containing 2% or more of cottonseed oil are more resistant to

X-ray injury than those on a fat-free diet (Cheng, Kryder, Berg-

quist, and Deuel, 1952). Cottonseed oil is about 50% lineolate. To

test whether purified methy lineolate is effective, rats were kept on

a fat-free diet until fat deficiency was noted. Subsequently some

were given methyl lineolate and some were not. All were given

2400r of X rays over a period of about 16 weeks. Both males and

females receiving the methyl lineolate showed a significantly greater

survival time (Deuel, Cheng, Kryder and Bingemann, 1953).

In an interesting experiment, it has been shown that feathering

in poultry is inhibited by irradiation. The birds produce apparently

normal wing and tail feathers but develop few feathers on the breast,

back or neck. However, if they are fed atabrine in their diet they

develop more feathers and they feather at a faster rate (Douglas,

Day, Kelley and Meschan, 1953).

Obviously, experiments in humans are not so numerous as those

in other animals. It has been shown by a group of Belgian scientists

that intravenous injections of 200 mg. of cysteamine can often elimi-

nate in 24 hours the symptoms of radiation sickness in cancerous

patients given radiation treatments (Bacq, Dechamps, Fischer,

Herve, Le Bihan, Lecomte, Pirotte and Rayet, 1953). In Japan it



108 Herbert Parkes Riley

has been shown that several injections of glutathione can relieve the

discomfort sometimes seen after therapeutic irradiation. It has been

pointed out in this connection, however, that unless the protective

chemical has a selective action, the purpose of radiation therapy may
be defeated since with general protection the area to be treated may
also show an increased radioresistance (Patt, 1953).

Conclusion

In this talk I have attempted to show that the lack of oxygen

or the presence of certain chemicals can reduce the damage caused

by ionizing radiation to many different plants and animals if it is

administered at the proper time with relation to the irradiation. This

subject should be of general interest because of the prominence given

to radiation in our civilization during the past decade. Will a

really protective chemical be found that can protect human beings

against the destructive forces of radiation? At present that question

cannot be answered, for the whole field of chemical protection is a

very new one. Many isolated facts have been discovered, some of

them apparently contradictory, but many more facts will have to

be unearthed before a general pattern will appear that will give a

clue to the underlying mechanisms of protection. How soon they

will be discovered we cannot tell at present. If the time does not

come soon it will not be for lack of trying, as many physicians,

microbiologists, zoologists and botanists all over the world are study-

ing the problem with increasing zeal.
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The Preparation of Alkali Metal Ferrates (VI)*

J. R. Gump** and W. F. Wagner
Department of Chemistry, University of Kentucky

Lexington, Kentucky

± he preparation of potassium ferrate of 98.5 to 99% purity was

reported by Thompson, Ockerman and Schreyer (6). Moeser (2)

prepared rubidium and cesium ferrates by a double decomposition

reaction of barium ferrate with concentrated alkali metal carbonate

or hydroxide solutions. Eidman and Moeser (1) prepared rubidium

and cesium ferrates by the double decomposition of the sulfate, car-

bonate, or oxalate salts with strontium ferrate. Solutions of lithium

ferrate have been prepared by Eidman and Moeser (1) by similar

reactions, but no solid material was obtained. The only sodium

ferrate sample that has been prepared and analyzed was an impure

sample reported by Ockerman and Schreyer (3). The method em-

ployed was similar to that used by the same authors in the prepara-

tion of potassium ferrate.

This paper describes the investigation of methods for the prepara-

tion of alkali metal ferrates, particularly the application of the ex-

cellent method (6) reported for potassium ferrate.

Experimental

The preparation of rubidium and cesium ferrates was accom-

plished by the reaction of the respective alkali hydroxides with a

strongly alkaline solution of sodium ferrate. Rubidium hydroxide

and cesium hydroxide, unavailable commercially, were prepared

from their chlorides by first converting the chlorides to the sulfates

by evaporation with sulfuric acid and then adding barium hydroxide

to precipitate barium sulfate which was filtered from the solutions

of the hydroxides. The following method (6) was used for the

preparation of the alkaline sodium ferrate solution: Nine grams

of pulverized ferric nitrate and 5 ml. of saturated sodium hydroxide

were added slowly to 25 ml. of a concentrated solution of alkaline

sodium hypochlorite. Ten grams of sodium hydroxide were added

* A portion of the dissertation submitted by J. R. Gump to the Graduate School,
University of Kentucky, in partial fulfillment of requirements for the Ph.D. degree.

** Present address: Michigan Chemical Corporation, St. Louis, Michigan.

Transactions of the Kentucky Academy of Science, 15 (4) : 112-116. December, 1954.
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while the solution was stirred and maintained at a temperature of

20° to 42°C. for 35 minutes. The mixture was filtered through a

coarse fritted glass filter and the filtrate was used in the following

preparations.

Cesium ferrate. One-half of the above ice-cold sodium ferrate

solution was added to a solution of approximately 12 g. of cesium

hydroxide and 10 g. of sodium hydroxide in 10 ml. of water. The
precipitate which formed was filtered and dried in a vacuum desic-

cator and gave a yield of 3.79 g. of 39.1% pure Cs2Fe0 4 . The
material was dissolved by drawing four 2-ml. portions of a 1 :2 mix-

ture of saturated sodium hydroxide and water through the filter

containing the precipitate. The filtrate was collected in a test tube

containing 10 ml. of the above mixture of cesium and sodium hy-

droxide to reprecipitate the cesium ferrate, which was filtered and
dried in a vacuum desiccator for about 22 hours, then washed with

six portions of 15 to 20 ml. of 95% ethanol. After being dried for

18 hours, the sample was found to contain 62.7% Cs2Fe0 4 . Another

reprecipitation by the above procedure produced cesium ferrate of

76.0% purity.

Rubidium ferrate. A solution equivalent to one-half of the above

sodium ferrate solution was added to 34 g. of rubidium hydroxide

dissolved in 30 ml. of water. The precipitate which formed was

separated from the solutiou by a fritted glass funnel. Approxi-

mately one gram of the precipitate was removed from the funnel,

dried for about 3 hours in a vacuum desiccator and analyzed to be

53.9% Rb 2Fe0 4 . The dried material was dissolved by drawing three

2-ml. portions of a 1:2 mixture of saturated sodium hydroxide and

water through the filter. The filtrate was collected in 10 ml. of a

solution of rubidium and sodium hydroxides which had been re-

covered and concentrated from the previous preparation. The pre-

cipitate which formed was filtered, dried and analyzed. The purity

of the sample was increased to 84.1% Rb2Fe0 4 . This sample was

washed with four portions of 10 to 12 ml. of ethanol at 5 to 6°C.

and dried under vacuum for about 2 hours. The sample was found

to contain 93.6% Rb2Fe04 .

The authors believe that rubidium and cesium ferrates in higher

purity could have been prepared if the quantity of the corresponding

hydroxides had not been limited. Only 43 grams of each of the

hydroxides were available as compared to approximately 200 grams
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of potassium hydroxide which is normally used in the preparation

of 6 grams of potassium ferrate. Consequently, in the purification

of the ferrates, sodium hydroxide was added to the rubidium and

cesium hydroxide solutions to conserve the supply.

Potassium ferrate. All samples of potassium ferrate were pre-

pared by the method reported by Thompson, Ockerman and Schrey-

er (6).

Sodium ferrate. Although the method of Ockerman and Schreyer

(3) for the preparation of sodium ferrate should be the least time-

consuming and the most economical, with the exception, perhaps,

of a workable electrolytic process, attempts to prepare sodium ferrate

by this procedure failed to give satisfactory results. The high solu-

bility of sodium ferrate requires such a high concentration of sodium

hydroxide to effect the precipitation, that the separation of the

sodium ferrate from the solution is extremely difficult and large

amounts of sodium hydroxide are coprecipitated. Furthermore,

ethanol cannot be used effectively to remove the sodium hydroxide

because sodium ferrate is soluble in ethanol with subsequent oxida-

tion of the alcohol.

Since pure potassium ferrate was so readily available, the prepa-

ration of sodium ferrate by the double decomposition reaction in

aqueous solution of potassium ferrate with sodium perchlorate was

investigated. A sample of solid sodium perchlorate monohydrate

weighing 1.4528 g. was added with stirring to 1.0014 g. of potassium

ferrate dissolved in 5 ml. of ice-cooled distilled water. After two

minutes the precipitate of potassium perchlorate was filtered from

the solution. Approximately 2 ml. of the filtrate was placed in a

vacuum desiccator containing anhydrous magnesium perchlorate and

the pressure was reduced with a vacuum pump. After one-half

hour in the evacuated desiccator the sample appeared to be dry.

Fifty minutes had elapsed from the start to the completion of the

preparation. After being stored overnight at a temperature of

5°C, an analysis of the sample gave an average value of 69.2%
Na2Fe04 . Attempts to precipitate the sodium ferrate from the solu-

tion obtained in this method by use of mixed solvents of water-

dioxane, and water-ethanol yielded products of much lower purity.

A sample of solid sodium ferrate stored in a desiccator was found

to be stable when analyzed again 24 days after preparation. The
preparation of sodium ferrate by this procedure depends upon the
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use of as low a temperature as feasible and evaporation of the solu-

tion as rapidly as possible to prevent the decomposition of the sodium
ferrate.

Lithium ferrate. The preparation of lithium ferrate by the

double decomposition reaction of lithium perchlorate and potassium

ferrate by the method described for sodium ferrate was attempted.

A sample of 1.6 g. of solid lithium perchlorate trihydrate was added
to a solution of 1.0 g. of potassium ferrate in 5 ml. of water at 3°C.
The potassium perchlorate was filtered rapidly and the lithium fer-

rate solution was evaporated in an ice-cooled vacuum desiccator

under a pressure of 4 to 5 mm. mercury for 90 minutes. The total

elapsed time for the experiment was 97 minutes. The product was
found to contain only 15.4% Li 2Fe04 . When a water-dioxane mix-

ture was used to attempt a separation of lithium ferrate, no precip-

itate of the ferrate was formed and the solution was reduced to

hydrous ferric oxide immediately. No effort was made to prepare

lithium ferrate by the procedure used for potassium ferrate, because

a saturated solution of lithium hydroxide is only 5 to 6 molar, giving

a concentration too low to cause the precipitation of lithium ferrate.

Analyses. All analyses of the ferrate samples were performed

by the chromite method (5).

Studies (4, 7) of the stability of potassium ferrate solutions

have been reported. For comparison, the decomposition of solutions

of cesium, rubidium and potassium ferrates were determined. One
hundred milliliters of 0.002 ± 0.00001 M solutions of each of the

ferrates were prepared. Analyses of 10 ml. aliquot portions re-

moved at various times were carried out by the chromite method (5)

using a chromic chloride solution and standard solutions more dilute

than those normally employed. Table I summarizes the results of

the decomposition of the three solutions.

The solutions of this molarity are fairly stable and the stability

of the three ferrates is practically identical over a period of about

7 hours. After a period of 18.5 hours there is little difference in

concentration of the three solutions. This similarity of the three

ferrates is in agreement with the similarity in properties of other

potassium, rubidium and cesium salts.

The difficulty encountered in the preparation of pure sodium

ferrate and lithium ferrate is probably due to the greater polarizing

power of the sodium and lithium ions, leading to the formation of
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hydrated salts. The presence of water then causes the decomposition

of the ferrate ion during the preparation and purification of these

salts. The stability of the ferrates appears to increase with an in-

crease in size of the alkali metal ion.

Table I

Decomposition of 0.00200 M Potassium, Bubidium and
Cesium Ferrate IN Water ai• 26.5° ± 0.5''C.

Time
linutes

K
2
Fe0

4
Molarity

Eb
2
Fe0

4
Molarity

Cs
2
Fe0

4
Molarity

30 0.00192 0.00186 0.00183

60 0.00177 0.00182 0.00186

120 0.00175 0.00178 0.00179

300 0.00161 0.00163 0.00169

421 0.00144 0.00146 0.00153

1110 0.00096 0.00082 0.00105

Summary

The preparation of cesium ferrate of 76.0% purity and rubidium

ferrate of 93.6% purity by a method previously reported for po-

tassium ferrate was accomplished. A sample of 69.2% sodium fer-

rate was prepared by the reaction of potassium ferrate with sodium

perchlorate. The stability of the ferrates appears to increase with

an increase in the size of the alkali metal ion.
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A Discussion of the Odor and Taste of the Oily
Contents of Uropygeal Glands of Chickens

Before and After Sexual Maturity*

G. Davis Buckner, W. M. Insko, Jr., Amanda H. Henry and
Elizabeth Faull Wachs

Kentucky Agricultural Experiment Station, University of Kentucky
Lexington, Kentucky

1 he regulations of the United States Department of Agriculture

for 1952 which govern the grading and inspection of poultry, define

"Ready-to-cook-poultry" to mean any dressed poultry from which

certain organs, feathers and tissues have been removed ; among these

are named the uropygeal glands. Because of the disagreeable taste

and odor of the oily contents of these glands, which become more
pronounced at sexual maturity in both sexes, the glands are usually

removed when chickens are prepared for home cooking or must be

removed if sold as "Ready-to-cook-poultry" to comply with federal

regulations.

Experiments in progress at the Kentucky Agricultural Experi-

ment Station concern certain comparative anatomical structural de-

velopments, and physiological processes and functions occurring dur-

ing the growth of light and heavy breeds of domestic chickens. These

studies have among other objectives, a study of the uropygeal glands.

These closely associated glands are situated on the upper side of the

caudal end of certain fowls and birds but they are absent in most

species.

This discussion concerns the odor and taste of the oily contents

of these glands which warrant their removal, or, if possible, the

elimination of these disagreeable qualities by experimental proce-

dures.

The basic physiological functions or purposes of uropygeal glands

in fowls are not known and yet the definite and distinctive taste and

odor of their oily secretion which become more pronounced at and

after sexual maturity, have become of scientific interest and now has

become of economic importance.

* The investigation reported in this paper is in connection with a project of the

Kentucky Agricultural Experiment Station and is published by permission of the Director.

Transactions of the Kentucky Academy of Science, 15 (4) : 117-120. December, 1954.
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These glands usually occur in chickens and are considered as

a single gland, but observations made with many breeds have shown

that they are absent or so rudimentary as not to be detected in some

of the chickens examined. They were present in all the turkeys

examined.

Until recent date it was considered that the main functions of

these glands were to furnish oils to dress and waterproof feathers.

Waterproofing of feathers is considered now to result from oils pro-

duced within the skin and feathers and discharged through ducts

to outer surfaces and to feathers. This conclusion is strengthened

because of waterproofing of feathers on birds which do not have

uropygeal glands, for example the seagull.

Allee and co-workers (1949, p. 128) give condensed information

concerning this gland as follows

:

"Higher vertebrates lack the ability to synthesize vitamin D ; they must
ingest their supply or obtain it by the insulation of fats on the integu-

mentary surface. The skin of many animals has a fairly good supply of

sterols, and all animal fats contain them. Irradiated skin or fur or feathers,

if oily, are antirachitic; even the irradiation of the feet is curative for

rickety chickens that have their preen glands removed. The feathers and
skin of the birds without preen glands have little antirachitic power. In

licking fur, or in preening feathers, mammals and birds secure irradiated

oil. Carnivores apparently acquire their needed supply by eating the feath-

ers and fur of their prey, for the young of certain carnivores in captivity

require such material as a part of their diet if they are to develop success-

fully."

Experimental observations made here, of light and heavy breeds

have shown that in the mature chicken, each lobe of the gland is

approximately 5x5x3 millimeters and the oily content of each

gland reaches the surface of the teat through two separate ducts,

usually 1 millimeter separating the orifices. All tests made here

show the oily contents of each lobe to be the same.

Hutt (1949, p. 99) has discussed incidences of bifurcation of the

teat or papilla, and his breeding experiments have shown that a

single incompletely dominant gene, causes bifurcated papilla. Studies

of this gland at the Kentucky Experiment Station have shown that

bifurcation of the gland is sporadic, being found in approximately

one percent in two groups, each containing 200 chickens, and in

other groups as high as 57 percent of the males and none in the
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females. These results indicate that bifurcation occurs more fre-

quently in males of the breeds studied.

The disagreeable odor and taste of the oily secretions of the

uropygeal glands of chickens are of major interest and concern to

this study. Each of these two distinctive characters, taste and odor,

are unique in that they have not been observed elsewhere and each

becomes more pronounced at sexual maturity of the male and female.

The odor and taste of the oils are very similar in both sexe* at sexual

maturity which are reached at different ages. For example, the

White Leghorn male usually reaches sexual maturity at approxi-

mately 8 weeks, the female at 16 weeks.

Observations made at this station have shown that the intensity

of the disagreeable taste and odor of the oil varies in individual

chickens and are rated differently by different judges.

The oily secretion of the uropygeal glands of chickens is a mix-

ture of glycerides of many organic acids ; the principal ones are prob-

ably oleic, stearic, palmitic and myristic. Varying percentages of these

glycerides at different ages and stages of sexual maturity may cause

the variation in the odor and taste. Buturic acid has not been

detected in the secretions.

The characteristic odor and taste of the contents of the uropy-

geal glands have not been altered by experimental feeding of

chickens. Should this be possible it would be of great economic

importance because of the time and labor saved in such states as

New York, where it is necessary to remove this gland when fowls

are for public sale.

Since the intensity of these disagreeable tastes and odors vary

in individual chickens at different periods of growth and since these

glands are not present in certain chickens or fowls, it may be possible

by breeding to develop strains of fowls which do not possess these

undesirable features. It would seem that the problem could best

be solved by the geneticist and the bio-chemist.

The following deductions are worthy of consideration— (1) the

intensity of the disagreeable taste and odor of the oily contents of

the uropygeal gland varies in individual chickens and have been

rated differently by different judges, (2) the odor and taste, each

are very similar in both sexes at sexual maturity though reached

at different ages, (3) different types of feed and forage ranges used

had no apparent influence on the taste or odor, (4) the oily secre-
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tions are mixtures of the glycerides of many organic and unidenti-

fied volatile acids and esters, the combination of which probably

form the sources of the disagreeable taste and odor, which as yet

are not known, (5) the oils are not necessary for the health of the

chicken nor the oiliness of the feathers, (6) in some chickens exam-

ined at this Station, these glands were absent or so rudimentary as

not to be detected.

These and other experiments have been planned to include pos-

sible connections between the definite and unusual changes of odor

and taste of the contents of these glands which become more pro-

nounced at sexual maturity, which are not known or explainable

now but may be associated with sexual attraction or function. To

date, this proposition has not been sufficiently developed or proven

by experiments here to warrant conclusions and yet it seems im-

possible to consider the occurrence of the intensified odor and taste

occurring as it does in the uropygeal glands of male and female

chickens at sexual maturity as not to deserve consideration as a

sexual attraction.

Since the intensities of the disagreeable taste and odor of this

glandular oil varies in individual chickens and the gland is not

present in all chickens, continuation of this experiment combining

breeding and feeding may solve this problem which is of scientific

and economic importance.
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Performance of the University of Kentucky Heat
Pump No. 1 Operating Intermittently on the
Cooling Cycle During the Summer of 1953
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Introduction

1 he University of Kentucky Heat Pump No. 1 was built and
and installed in the Mechanical Engineering Laboratory of the Uni-

versity. During the heating season of 1952 to 1953, it operated

intermittently on the heating cycle from 6 P.M. to 6 A.M. from
October 31 to May 1. It operated continuously during the heating

season of 1953 to 1954 on the heating cycle from October 1 to May
l.

1 During the summer of 1953 it operated intermittently on the

cooling cycle from June 8 to September 8.

Intermittent Cooling Test of Three Months' Duration

Description of Test.—The intermittent cooling test was conducted

from June 8 to September 8 to evaluate the performance of the Uni-

versity of Kentucky Heat Pump No. 1 and its associated ground coil.

It was desired to operate the heat pump on a shorter cycle than the

twelve-hour one, to simulate more closely normal cycling of a thermo-

statically controlled heat pump system. 2 Preliminary tests showed

that the operating time would have to be limited to about one half

hour duration because the discharge pressure increased to an ex-

cessive value. This condition was the result of the refrigeration

plant being oversized with respect to the ground coil, i.e., the ground

coil could not reject heat continuously to the soil at a rate demanded

by the refrigeration plant. However, since the short time heat dissi-

pation capacity and recovery of the soil were of interest here, the

oversized plant was of no particular disadvantage.

Throughout the three-month test, the running or operating time

of one-half hour was used. From June 8 to July 31 the cycle time

1 For a description and performance of the University of Kentucky Heat Pump No. 1
operating on the heating cycle see references (1), (2), and (3).

2 See (4) and (5) for a description of a test on a factory fabricated heat pump which
was made to operate intermittently on the cooling cycle from 6 A.M. to 6 P.M. by a
time-clock.

Transactions of the Kentucky Academy of Science, 15 (4) : 121-126. December, 1954.
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was 3 hours, i.e., the heat pump operated % hour and remained

idle 2% hours, making 8 cycles each day. From August 1 to Septem-

ber 7 the cycle time was 2 hours, giving 12 cycles each day and a

recovery time of 1% hours per cycle.

The capacity of the refrigeration plant was reduced by changing

sheave on the compressor-motor unit for a low compressor speed

of 280 r.p.m.* The instrumentation was similar to that described

previously (3) with the exception that during this test, wet and dry

bulb temperature readings were taken of the air at entrance to and

exit from the heat pump. Water condensed from the room air was

drained from the air coil to a small-mouth can located in the pit

beneath the heat pump. The condensate was weighed daily at noon.

Due to the extremely transient nature of the cycles, it was neces-

sary to establish some time within the cycle as the point of evalua-

tion. Values of discharge air temperature and antifreeze tempera-

ture used to calculate heat rates were accordingly determined for

the mid-point of the % hour cycle. The results of the calculations

are listed in Table I.

Discussion of Results.—The University of Kentucky Heat Pump
No. 1 was constructed so that the path of the air stream through

the cabinet could be changed when the unit was changed from heat-

ing to cooling. As a result virtually all of the refrigeration effect

of the evaporator resulted in useful cooling of the air stream.3 Heat

from the heat pump components was dissipated by conduction and

convection to the environment. In like manner, some heat from the

concentric tube heat exchanger was dissipated to the room air,

thereby making the system operate like a combined air-to-earth and

air-to-air heat pump.4

The University of Kentucky Heat Pump No. 1 operated during

the cooling season with an average capacity of 3.27 tons. The

average capacity for the factory fabricated unit, reported previously,

was 0.67 tons, although the electrical power input for the two heat

pump systems was almost the same. As a result the new heat pump
operated during the cooling season with an average CER (cooling

energy ratio) of 2.77 for the entire system, while the corresponding

value for the factory fabricated unit was only 0.60.

* During the previous heating season the compressor was operated at a speed of
430 rpm.

3 This was not possible with the factory fabricated heat pump discussed in (4) and (5).
4 Up to this time the concentric tube heat exchanger had not been thoroughly insulated.
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Table I

Monthly Summaries: The University of Kentucky Heat Pump No. 1

Operated Intermittently on the Cooling Cycle from June 8, 1953

to September 8, 1953

Item June July Aug.

23 31
"1

4 4 6
0.5 0.5 0.5
2.5 2.5 1.5
3.71 3.67 2.44
4.21 4.25 3.37
76.8 77.0 76.1
72.2 75.7 74.4
84.6 84.0 82.8
84.0 84.7 83.5
61.2 61.5 60.2
22.8 23.2 23.3
47,700 39,800 37,600

3.47 3.31 3.13
9.9 9.6 9.6

122.4 126.1 129.0
70.5 76.4 84.7
66.5 72.3 76.7
64.2 70.2 74.0
63.4 68.6 72.3
61.9 66.6 69.1
57.6 55.5 54.5
28,160 27,190 26,650
26.1 33.2 49.4
3.286 3.345 3.421
0.423 0.419 0.400
0.293 0.287 0.280
4.001 4.051 4.101
3.72 3.48 3.22
3.04 2.88 2.69
9.6 10.2 10.9

185.0 194.8 201.4
43.2 48.4 69.9
26.1 33.2 49.4
28.2 32.1 46.8

Sept.

Number of days run
Hours heat pump operated per day. . . .

Hours heat pump operated per cycle. . .

Hours heat pump idle per cycle

Rainfall, inches*

Normal rainfall, inches*

Outdoor air temp., °F
Normal outdoor air temp., °F
Room air temp., °F
Temp, of air entering heat pump, °F. .

.

Temp, of air leaving heat pump, °F. . .

.

Decrease in air temp., °F
Avg. total heat from air, B/hr
Cooling capacity, tons

Temp, drop of antifreeze, °F
Avg. Max. antifreeze temp., °FJ
Avg. Min. antifreeze temp., °F$
Soil temp. 6" below center of line, °F%.
Soil temp. 12" below center of line, °FJ
Soil temp. 18" below center of line, °FJ
Undisturbed soil temp., °F
Strength of heat sink, B/hr/ft
Heat power to earth, B/hr
Total heat to earth, therms/mo
Elect, power to comp. motor, kw
Elect, power to fan motor, kw
Elect, power to pump motor, kw
Elect, power to heat pump system, kw.
C E R for heat pump
C E R for heat pump system
Cooling cost, kwhr/therm
Avg. Max. discharge press., psia

Total heat from air stream, therms/mo.
Total heat to earth, therms/mo
Unaccounted for heat, therms/mo

7
6
0.5
1.5

1.09t
0.70f

77. Of
71. 9f
87.1
85.4
60.5
24.9
37,000
3.08
9.3

129.4
85.8
77.5
74.8
73.1
69.5
52.5
25,690
10.8
3.397
0.295
0.279
4.071
3.19
2.66
11.0

202.0
15.5
10.8
10.5

Weather data obtained from the U. S. Weather Station at the Blue Grass Airport approximately 5 miles from the

University of Kentucky. (See (6) Tables 9 and 10.)

fFor the days operated only, i.e., from Sept. 1-7.

tMeasured at Station 3 of the ground coil (See (1) Fig. 1 or (3) Fig. 13.)

It should also be noted that the heating effect in the soil was

quite localized, and that 6 inches from the coil the soil was heated

only about 6°F. Also when the recovery time was decreased, the

maximum antifreeze temperature increased only slightly although

recovery temperatures increased more noticeably. It thus appears
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that an undersized ground coil might function satisfactorily during

all but the most severe weather.

As the cooling test proceeded the average discharge pressure

and the cooling cost increased from 185 to 202 psia and 9.6 to 11.0

kilowatt-hours per therm respectively, while the CEE for the heat

pump system decreased from about 3.1 to 2.7. If the ground coil

had sufficient capacity the discharge pressure and cooling cost would

have been uniform throughout the season and their respective values

lower than those mentioned above ; in like manner, the CEK would

have been constant and higher.

No general conclusions can be drawn concerning the effect of

rainfall on the strength of the heat sink for the heavy rain (2 inches)

of June 28 apparently caused a subsequent increase in its value. The

rainfall (1.0 inch) of July 21 was followed by a decrease in the

strength of the heat sink. However, the sink strength is not a

function of the soil condition alone, but also reflects the overall

operation of the whole heat pump system.

Cooling Tests of Short Duration

During the cooling season, referred to above, four short dura-

tion tests were conducted to determine the performance character-

istics of the refrigeration cycle. As mentioned above, the heat pump
operated for % hour intervals during this period due to the limita-

tion of excessive discharge pressure. The result was transient instead

of the more desirable steady-state operation. The average results

obtained from the tests of short duration are listed in Table II which

also shows average results obtained with a factory fabricated heat

pump.

In comparing the results of the two heat pump systems it must

be kept in mind that the method of operation was not the same. Ee-

sults tabulated for the U. K. heat pump were evaluated for the mid-

point of the run, i.e., 15 minutes after start-up, and the heat pump
was therefore in a transient state.

Discussion of Residts.—The University of Kentucky Heat Pump
No. 1 operated at a higher suction pressure which was conducive

to higher cycle efficiency and greater capacity. Thus while requir-

ing approximately the same total electrical power as the factory

fabricated heat pump, the new unit produced a greater quantity of

refrigeration.
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Table II

Comparative Results Obtained from Short Duration Tests Made on the
University of Kentucky Heat Pump No. 1 and a Factory Fabricated

Heat Pump

Item
U. K. Heat
Pump No. 1

1953

Factory
fabricated

heat pump
1950 f

Number of tests

Room temp., °F
Temp, of air entering heat pump, °F. .

.

Temp, of air leaving heat pump, °F. . .

.

Decrease in air temp., °F
Suction press., psia

Discharge press., psia

Nominal capacity of comp. motor, hp.

.

Capacity of refrigeration plant, tons . . .

Compressor speed, rpm
Volumetric efficiency, %
Total electrical power input, kw
Total strength of heat sink, B/hr/ft . . .

Temp, of antifreeze at Station 3, °F. . .

Temp, drop of antifreeze in coil, °F. . . .

Power to comp. motor, per cent of total

Power to fan motor, per cent of total . .

Power to pump motor, per cent of total

CERof Carnot cycle

CERof refrigeration cycle

C E R of heat pump
C E R of heat pump system

4
88.2
89.7*
63.6*
26.1*
61.7*
170.0*

5
3.

280
80.

4.

5.

115.

9.

83.
10.2
6.6
7.44
6.27
3.53
2.92

.66

.1

.16

4*
'.7*

.2

6
78.4
79.3
74.3
5.0

35.6
183.4

3
1.58

680
72.8
3.91
34.8
116.3

3.1
66.5
12.5
21.0
4.64
4.06
0.79
0.53

*These values apply specifically to the mid-point of the Yi hour run.

tData listed on paee 53, reference (5).

The power distribution for the new heat pump is very favorable

:

the compressor motor consumed 83.2% ; the fan motor, 10.2% ; and

the pump motor, 6.6% of the total electrical power supplied. Since

the auxilaries do not contribute to the production of cooling effect,

they directly impair the CER of the heat pump system. The use

of the three phase motors partially helped overcome the inherent

low efficiency of fractional horsepower electric motors. If the ground

coil had been larger and of sufficient size to permit steady-state opera-

tion of the heat pump, more pump work would have been required,

aud the percentage power consumption would have changed accord-

ingly.

Special Tests of Short Duration

As mentioned above, the University of Kentucky Heat Pump

No. 1 always operated while the soil was in a transient state. This
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difficulty was circumvented by providing a water spray over the

uninsulated condenser and literally converting it into an evaporative

condenser. Through this expedient the operation of the refrigera-

tion equipment was made independent of the ground coil. Although

it was no longer a true earth heat pump, the parameter of head

pressure was directly controllable, and a successful investigation of

the refrigeration cycle performance in steady state was made possible.

Tests were made on September 10 and 11, each of two hour dura-

tion and at essentially constant conditions. A stabilizing period of

about % hour preceded each run. For the test of September 10, the

compressor discharge pressure was 145.7 psia and the sink strength

was 15.7 B/hr/ft. For the test of September 11, the water flow

over the heat exchanger was reduced. The discharge pressure was

thereby increased to 160.9 psia, and the sink strength was 21 B/hr/ft.

If the test had extended for a longer time, a stable temperature

gradient would have been established in the ground, and the sink

strength for corresponding discharge pressures would have been less.

Using the results of these two tests as experimental criteria, it

is concluded that a sink strength of about 20 B/hr/ft for a moist

clayey soil should be used for the design of a ground coil for sum-

mer cooling to avoid excessive discharge pressures.
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An Occurrence of Branchiura sowerbyi Beddard
in Kentucky

Gerald A. Cole
Department of Biology, University of Louisville

I n 1892 Beddard described and named a new oligochaete from speci-

mens discovered in the mud of the Victoria regia tank in the Royal

Botanical Society's Gardens, Regent's Park, London. This tubificid,

Branchiura sowerbyi, is unusual in that it bears dorsal and ventral

respiratory processes on a varying number of posterior segments.

These filiform branchiate structures serve to identify the species. The

purpose of this paper is to present the first record of the worm from

Kentucky, and to summarize briefly some published data on its dis-

tribution and ecology.

During the last week of October, 1952, William Mitchell, then a

graduate student at the University of Louisville, brought me a collec-

tion from Bullitt County, Kentucky, which included 5 specimens of

Branchiura sowerbyi. The worms were found in Knob Creek very

near its intersection with longitude 85° 54', east of the junction with

Pond Creek. At the collection site there was a varied invertebrate

population and no obvious evidence of pollution. As far as I know

the worm had never been collected in Kentucky before this. How-

ever, personal communication with Dr. Clifford 0. Berg has revealed

that it has been found in unpublished localities in other states.

I have been able to find records of the occurrence of Branchiura

sowerbyi in all continents except Antarctica and South America, and

in such insular localities as England, Java and Japan. There is

little doubt that the animal is practically cosmopolitan.

Branchiura sowerbyi was reported first from North America by

Spencer (1932) who collected several specimens from Buckeye Lake,

Ohio. Pennak (1953) stated its distribution in this continent to be

Ohio and Michigan. Strecker (1954) recorded another Ohio locality

for the species and briefly discussed its distribution, adding Iowa,

Illinois, Wisconsin and Tennessee to the North American list. His

source for these new localities was personal communication with

Dr. Pennak. Arkansas can be included also, for Causey (1953) re-

Transactions of the Kentucky Academy of Science, 15 (4) : 127-128. December, 1954.



128 Gerald A. Cole

ported Branchiura soweroyi from two artificial lakes in that state.

In certain respects Branchiura soweroyi is more like the naidid

worms than are at least some other tubifieids. Gresson (1927) re-

viewed the few oligochaetes which bear respiratory processes, citing

examples from four families. Several members of the Naididae are

represented in this group along with two species of the Glossosco-

lecidae, and one of the Phreodrilidae. However, Branchiura is the

only such tubificid. Moreover, certain published data suggest that

this species has ecological requirements similar to those of the naidids.

It is possible that it requires more oxygen than do other members

of the Tubificidae. Causey (1953) considered Branchiura soweroyi

an unusual tubificid in the lakes he studied, for it was found only

to depths of about 5 m. Spencer (1932) found it in marginal areas

from 0.3 m. to 2.6 m. deep in Buckeye Lake. In many parts of the

world it has been collected in shallow areas, or at least in what would

appear to be well-oxygenated water, and it has been discovered in

a great many artificial habitats such as aquaria, canals, garden pools

and impoundments (cf. Remy, 1927). El-Duweini (1945) pointed

out that Branchiura, normally living in mud along the banks of the

Nile with the gilled extremity projecting freely into the water, will

not breed in stagnant water even though mature.
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ACADEMY AFFAIRS
THE 1954 FALL MEETING OF THE KENTUCKY ACADEMY

OF SCIENCE

The fortieth annual meeting of the Kentucky Academy of Science was
held at the University of Louisville, October 22 and 23, 1954. Eighty mem-
bers and thirty-two non-members registered.

On Friday evening following dinner, Mr. Joseph H. Taylor, Executive

Director of the Kentucky Agricultural and Industrial Development Board,

addressed the Academy. Mr. Taylor told of the work of the Board in

making available, especially to industry, information concerning human and
natural resources in Kentucky. The Board, in cooperation with the United

States Geological Survey, is issuing a new series of topographic maps and

publishing numerous works on water resources and mineral resources. Mr.

Taylor said that since 1948 three hundred thirty-eight new industrial plants

have started operation in Kentucky. This amounts to $544,000,000 in in-

vestment, $134,000,000 in annual payroll, and 144,000 persons employed.

Industries with several plants located in different parts of the country

report that the productivity in Kentucky is over thirty per cent higher

than it is elsewhere.

The president, Dr. C. B. Hamann, presided at the business session Satur-

day morning. The president for 1955 will be Dr. R. H. Weaver. Officers

elected to serve with Dr. Weaver are : Dr. J. G. Black, President-elect

;

Sister M. Juletta, Vice President; Dr. Mary E. Wharton, Secretary; Dr.

R. A. Chapman, Treasurer; and Dr. A. R. Middleton, Representative to

the AAAS Council.

The Academy adopted the following resolution and instructed the secre-

tary to send copies to the Secretary of the Interior and to United States

senators and representatives from Kentucky:

Whereas, the Kentucky Academy of Science is aware of encroachments upon
public lands, national forests, and preserves, made during the biennium of 1952-

54 by the Department of the Interior, and, whereas, such encroachments establish

a policy and set precedents for future action, and, whereas, such a policy if

pursued in the future will lead to wanton destruction of natural resources and
wild life, and will surrender hard-won national and public gain, and, whereas,

the Kentucky Academy of Science has iterated and reiterated its position in

regard to a tenure of such a policy of conservation, be it resolved, that the

Kentucky Academy of Science again go on record as favoring the holding of

public lands, monuments, parks, and resources, and that such sanctuaries, pre-

serves, and monuments be kept available for observation and study by interested

individuals and groups subject to administrative regulations that may exist. Be
it further resolved that the congressmen and senators from the Commonwealth
of Kentucky, as well as the Secretary of the Interior, be informed by the

Secretary of the Kentucky Academy of Science of the position of the Academy
on questions of conservation.

The Kentucky Association of Physics Teachers and the Kentucky Junior
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Academy of Science each met Saturday morning concurrently with the

Academy sectional meetings.

The program of the five sections of the Kentucky Academy of Science

appears below.

Mary E. Wharton, Secretary

The Fortieth Annual Meeting op the Kentucky Academy of Science
University of Louisville, Louisville, Kentucky, October 22-23, 1954

GENERAL SESSIONS—PROGRAM
Friday, October 22

6:00 P.M. Dinner. University Cafeteria.

7:30 P.M. Address by Mr. Joseph H. Taylor, Executive Director, Kentucky
Agricultural and Idustrial Development Board. Boom 109, Natural
Science Building.

Saturday, October 23

8:00 A.M. Business session. Room 109, Natural Science Building.

9:30 A.M. Sectional meetings.

SECTIONAL MEETINGS
Engineering

O. W. Gard, Chairman; H. A. Romanowitz, Secretary

(1) Performance of the University of Kentucky Heat Pump No. 1, operating

intermittently on the cooling cycle during the summer of 1953. P. L.

Pfennigwerth and E. B. Penrod, University of Kentucky. (Presented by
James F. Thorpe.)

(2) Qualitative solution to non-linear differential equations. C. T. Maney, Uni-
versity of Kentucky.

Bacteriology and Medical Technology
James A. Mandia, Chairman

(1) An epizootic in race horses in Mexico. M. Scherago, University of Kentucky.

(2) The serology of streptomycin-resistant and streptomycin-susceptible Shigella.

W. E. Dunkelberg and Margaret Hotchkiss, University of Kentucky.

(3) Tuberculin sensitivity of human leucocytes as a possible diagnostic indica-

tion. Herbert E. Hall and M. Scherago, University of Kentucky.

(4) Electronmicroscopy of a bacterial phage active against Salmonella para-
typhi. O. F. Edwards, University of Kentucky.

Biology

A. L. Whitt, Chairman; Roger W. Barbour, Secretary

(1) The central brook lamprey, Lampetra aepyptera (Abott), in Kentucky.
William M. Clay, University of Louisville.

(2) Methods in autoradiophotography of microsections. Alfred Brauer, Uni-
versity of Kentucky.

(3) The Acanthocephalan genus Neoechinorhynchus in turtles. William B. Hopp,
Eastern Kentucky State College.

(4) Studies in the Drosophila in Kentucky. John M. Carpenter, University of
Kentucky.

(5) The cottonmouth moccasin in Kentucky. Roger W. Barbour, University
of Kentucky.

(6) Some correlations between climatic factors and peak hatching dates of the
Bob-White quail in Kentucky. Francis W. Collins, Kentucky Department
of Fish and Wildlife Resources.
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Chemistry

Kichard H. Wiley, Chairman; Pete Panzera, Secretary

(1) Determination of the refractive indices of the binary liquid mixture 1, 4
dioxane-ethylene glycol. Anne Eberts, John H. Walkup, and E. I. Rush,
Centre College. (Presented by Anne Eberts.)

(2) Studies of the cytochrome b content of tumor tissue. Sister M. Angelica
Seibert, O.S.U., Ursuline College, and D. B. Strength, St. Louis University
School of Medicine. (Presented by Sister M. Angelica Seibert.)

(3) Gamma-Keto-Beta-methylglutaconic anhydride arylhydrazones and their con-
version to l-aryl-3-carboxy-4-methyl-6-pyridazones. C. H. Jarboe, Jr., and
Eichard H. Wiley, University of Louisville. (Presented by C. H. Jarboe, Jr.)

(4) The preparation of some phenyl substituted 3, 5-thiamorpholinediones.
Charles Barkenbus and Pete Panzera, University of Kentucky. (Presented
by Pete Panzera.)

(5) Anomalous alkylations using mannish bases of nitroparaffms. Gradus L.
Shoemaker and Eobert Keown, University of Louisville. (Presented by
Gradus L. Shoemaker.)

(6) The preparation of alkali metal ferrates (VI). J. E. Gump and W. F.
Wagner, University of Kentucky. (Presented by W. F. Wagner.)

Psychology

(Section sponsored jointly by Kentucky Psychological Association and
Kentucky Academy of Science.)

John B. Fink, Chairman

(1) Applicability of the stimulus maturation theory in compensatory pursuit
learning. E. B. Amnions and M. K. Bey, University of Louisville.

(2) Distribution-of-practice phenomena in the learning of a complex serial motor
task. Ealph Marion, University of Louisville.

(3) An experimental approach to relative effectiveness of directive and non-

directive techniques in psychotherapy. Helen Wright, University of Louis-
ville.

(4) Eetention of a visual perceptual skill. Edith Bloch, University of Louis-

ville.

(5) Eelative effectiveness of uniform and multiform reinforcement in human
learning. Louise Miller, University of Louisville.

(6) Characteristics of simple hand movements in a horizontal plane. C. H.
Amnions, University of Louisville.

(7) A behavioral analysis of motivation. John B. Fink, University of Louisville.

Committees

Arrangements for 1954 Fall Meeting: E. H. Wiley, Chairman.

Membership ; Charles Keys, Chairman; Harvey Lovell, J. W. Archdeacon.

Research Funds: 0. F. Edwards, Chairman; William Hopp, H. L. Hull.

Nominations: Seth Gilkerson, Chairman; M. Scherago, Ward Sumpter.

Resolutions: Alfred Brauer.

Auditing; Stephen Diachum, J. M. Edney.



NEWS AND NOTES
CALENDAR OF SCIENTIFIC MEETINGS

(Notice of future meetings of any scientific organization, whether af-

filiated with the Kentucky Academy of Science or not, may be inserted in

this column, provided that (a) the meeting place is in Kentucky or an ad-

jacent state, (b) the meeting is of state-wide rather than of only local

interest, and (c) proper advance notification is forwarded to the Trans-
actions. It is desirable to include the name and address of an individual

from whom additional information may be secured.)

March 10, 1955. University of Kentucky, Annual Arts and Sciences

lecture. L. R. Dawson : "Some Aspects of the Chemistry of Non-Aqueous
Solutions."

April 15, 1955. Kentucky Ornithological Society, Annual Spring Meet-

ing. Louisville, Kentucky.

April 29-30, 1955. Kentucky Academy of Science, Spring Meeting.

Cumberland Falls State Park.

October 1955. Kentucky Academy of Science, Forty-first Annual Meet-

ing. Kentucky State College, Frankfort, Kentucky.

November 1955. Kentucky Society of Natural History, 15th Annual
Competition of Nature Photography. (Address Box 81, University of Louis-

ville.)

Dr. Lyle R. Dawson, professor of physical chemistry and head of the

Department of Chemistry, has been chosen the "Distinguished Professor

of the Year" for 1954-55 in the College of Arts and Sciences of the Uni-

versity of Kentucky. The recipient of this award is chosen by the Arts

and Sciences faculty and the honor is the highest that this faculty can

bestow upon a member.

Dr. Dawson will be given a period free of teaching duties to conduct

research and to prepare the annual Arts-and-Sciences lecture. This lecture,

to be given March 10, 1955, will be on the topic "Some Aspects of the

Chemistry of Non-Aqueous Solutions."

The Kentucky Ornithological Society has elected the following persons

to office for 1954-55 : Anne Stamm, Louisville, President ; Robert Pierce,

Kentucky Department of Fish and Wildlife Resources, Frankfort, Vice-

President; and Fan Tabler, Louisville, Secretary-Treasurer.
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Dr. Julian Huxley gave a series of three lectures at Transylvania Col-

lege on November 22, 23 and 24, 1954. Dr. Huxley discussed modern evolu-

tionary theory and its bearing on the problem of the destiny of man.

Dr. Harold C. Urey gave two addresses at the University of Louisville

on the occasion of the dedication of the Natural Science Building. The
dedicatory address, on December 7, 1954, was on "Some Observations on

Technical Education." On the previous evening he gave, as the sixth in

a series of Distinguished Lectures, an address on the topic "The Surface

of the Moon."

3n JHemoriam

Miss Grace Wyatt earned her right to high recognition and acclaim as an

ornithologist and ecologist by her unending interest in the outdoors and her

tremendous energy in making scientific observations afield. Also, as a

teacher, she inspired many students, instilling in them the ability to ob-

serve nature and to love it.

Miss Wyatt was an active and enthusiastic member of the Kentucky

Academy of Science and of many other professional organizations on the

state and national level.

Miss Wyatt was born in Easley, South Carolina, and received her early

education there and at Chicora College. She did graduate work at Peabody

College and Duke University. She held several teaching positions, the

longest and the last being at Murray State College which she served well

and faithfully many years. In addition to teaching during the academic

year Miss Wyatt served the Maria Mitchell Foundation at Nantucket Is-

land as Curator, spending her summers there in teaching and in research.

In her passing on August 12, 1954, her colleagues in the Kentucky

Academy of Science and elsewhere suffered a loss which will always be felt.

They will miss the stimulation of her intellect, the pleasure of her person-

ality, and the inspiration of her work.
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